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PROSPECTING  AND  MINING  OF  COPPER  ORE  AT  SANTA 

RITA,  N.  MEX. 


By  Donald  F.  MacDonald  and  Chables  Exziax. 


INTSODIJCTIOX. 

It  is  a  far  cry  from  the  small  and  imcertain  mining  efforts  of  50 
years  ago  to  the  splendidly  equipped  and  sohdly  financed  organiza- 
tions that  now  handle  thousands  of  tons  of  ore  per  day.  The  old 
mining  was  largely  speculative;  the  new  is  practically  on  a  manu- 
facturing basis.  In  the  old  days  of  mining  the  aim  was,  chiefly,  to 
find  comparatively  rich  ore;  modem  practice  looks  more  toward 
efficiency  in  Tnining  and  milling,  so  that  vast  tonnages  of  low-grade 
material  may  be  worked  at  a  profit.  The  old  operators  had  faith 
and  hoped  for  good  returns;  the  new  ascertain  with  a  fair  degree  of 
precision  what  the  available  tonni^e  is,  what  the  cost  of  mining  and 
treating  the  ore  will  be,  the  time  necessary  to  exhaust  the  deposit, 
the  capital  required,  and  the  net  profits  to  be  made.  The  old  mining 
was  financed  on  a  highly  speculative  basis,  and  the  value  of  mining 
stock  was  largely  controlled  by  the  imaginations  of  the  promoters 
and  of  the  individual  holders.  In  the  new  r6gime  the  dancing  of 
mines  is  often  jas  oonservative  as  the  financing  of  manufactures 
or  railroads,  and  the  value  of  stock,  quoted  on  the  leading  exchanges, 
is  controlled  by  the  carefully  estimated  profits  in  sight.  Of  course, 
with  every  legitimate  industrial  enterprise  go  certain  business  risks, 
and  mining  is  not  exempted  from  these.  Then,  too,  valueless  mining 
as  well  as  valueless  industrial  stocks  are  sometimes  offered  for  sale 
by  the  intentionally  dishonest,  or  the  ignorant.  However,  the 
prospective  purchaser  of  a  mine  nowadays,  if  he  is  willing  to  pay  for 
the  services  of  reputable  mining  engineers^  can  obtain  information 
on  which  to  base  an  opinion  as  to  the  quality  of  his  investment. 

The  relatively  recent  development  of  cheap  and  efiScient  methods 
of  mining  and  of  ore  dressing  has  given  value  to  low-grade  ore  bodies 
that  a  few  years  ago  were  almost  valueless.  The  iron  mines  of 
northern  Minnesota  have  been  fruitful  in  developing  efficiency  in 
mining  methods,  notably  the  open-cut  methods  in  which  steam  shovels 
strip  off  the  overburden  and  then  load  the  ore  direotly  into  railroad 
trains  for  transport  to  the  furnace.  In  1907  open-cut  mining  was 
apphed  to  the  low-grade  copper  ores  of  Bingham,  Utah,  with  splendid 
results,  and  since  then  it  has  won  a  most  important  place  in  the  min- 
ing of  large  masses  of  low-grade  ores  in  several  other  mining  regions, 
especially  at  Santa  Rita,  N.  Mex. 
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2  PROSPECTING  AND  MINING  COPPER  ORE  AT  SANTA  RITA. 

Efficiency  in  mining  as  in  other  industries  implies  attention  to 
detail,  and  the  larger  the  scale  of  operations  the  more  important  may 
details  become.  For  this  reason  the  accompanying  study  of  the 
methods  used  at  Santa  Rita  will,  it  is  believed,  be  of  help  to  all 
engineers  who  have  occasion  to  handle  large  masses  of  material. 
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The  outline  of  the  geologic  conditions  that  follows  is  largely 
from  notes  furnished  by  Spencer <*  and  by  Paige; ^  others*'  have  also 
furnished  valuable  data  bearing  on  the  mining  conditions  of  the 
region. 

LOCATION  AND  GENERAL  GEOGRAPHY  OF  SANTA  RITA  DISTRICT. 

Santa  Rita  is  on  the  moimtain-bearing  plateau  of  southwestern 
New  Mexico.  It  is  nearly  150  miles  northwest  of  El  Paso,  Tex.,  and 
about  50  miles  in  the  same  general  direction  from  Deming,  N.  Mex. 
It  lies  about  a  dozen  miles  east  of  Silver  City,  N.  Mex.,  and  is  on 
Santa  Rita  Creek,  not  far  from  where  the  latter  has  its  rise  in  the 
southeastern  foothills  of  the  Black  Range.  A  branch  of  the  Santa 
Fe  Railroad  connects  Deming,  N.  Mex.,  on  the  Southern  Pacific 
main  line,  with  Silver  City.  From  Whitewater,  N.  Mex.,  on  this 
branch  line,  a  subbranch  leads  to  Santa  Rita  and  to  Fierro,  N.  Mex. 
(See  maps,  Pis.  I  and  II.) 

Santa  Rita  is  in  the  central  mining  district  of  Grant  County.  In 
its  vicinity  the  plateau  is  about  6,300  feet  high,  but  some  of  the 
neighboring  peaks  reach  altitudes  of  nearly  8,000  feet. 

The  climate  is  dry,  bracing,  and  sunny.  Even  in  the  bright  hot 
summer  months  the  nights  are  cool.  In  winter,  clear,  cool  weather, 
with  occasional  snow,  adds  to  the  stimulating  effect  of  the  climate. 

<s  Spencer,  A.  C,  A  detailed  report  on  the  geology  of  Santa  Kita,  in  course  of  publicatbn  by  the  United 
States  Geological  Survey. 

b  Paige,  Sidney,  Silver  City  folio  (No.  199),  Geol.  Atlas  U.  S.,  U.  S.  (3eol.  Survey,  1916, 20pp. 

<*  Lindgren,  W.,  Graton,  L.  C,  and  Gordon,  C.  H.,  The  ore  deposits  of  New  Mexico:  U.  S.  Geol.  Survey 
Prof.  Paper  68, 1910, 361  pp. 
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GEOLOGIC  COKDITIONS  GOVEBNING  MINING,  SANTA  BITA  DISTRICT.         3 

The  following  table  gives  the  maximum  and  minimum  temperatures 
and  monthly  evaporation  for  the  year  1914.  The  monthly  mean  of 
the  daily  maximum  and  minimum  temperatures  is  given  under ''  mean 
maximum'^  and  ''mean  minimum." 

Data  on  temperature  and  precipUation  at  Santa  Rita,  N.  J/er.,  during  19i4,  by  Tnontki, 
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ftSnow  reduced  to  equivalent  rainfall. 


The  streams  are  not  large,  and  the  country  is  not  particularly  well 
watered,  either  for  mining  or  for  agriculture.  Marketable  timber  is 
scarce  except  in  the  higher  mountains,  and  even  there  it  is  inclined 
to  be  scrubby.  The  timber  used  at  the  Santa  Kita  mines  is  brought 
in  by  rail,  as  the  available  local  supply,  never  great,  was  exhausted 
some  years  ago. 

Santa  Rita  and  the  neighboring  regions  offer  an  attractive  field  to 
the  prospector;  the  climate  is  delightful,  the  coimtry  open  and  easy 
to  txaverse,  and  the  rock  outcrops  fairly  favorable. 
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The  ore  bodies  at  Santa  Kita  are  associated  with  quartz-monzonite 
and  quartz-monzonite  porphyry  intrusions,  which  cut  limestones, 
sandstones  and  shales.  These  intrusives  are  of  post-Cretaceous  date, 
and  are  older  than  tuffs,  rhyolites,  and  andesites  in  the  vicinity, 
which  are  regarded  as  of  Miocene  age.  Of  the  three  types  of  intru- 
sives near  the  ore,  the  oldest  and  the  one  constituting  the  largest 
mass  is  a  quartz-porphyry;  the  next  in  point  of  age  is  an  essentially 
even-grained  quartz-bearing  monzonite,  containing  idiomorphic 
feldspars  and  occurring  as  a  stock  of  moderate  size;  the  youngest  is  a 
porphyritic  rock,  locally  characterized  by  laige  crystals  of  quartz, 

which  occurs  in  the  form  of  dikes.    The  sedimentary  series  cut  by 

"        "  ■    '  ■  ■  ■  ■ 

a  Not«i  (m  the  geology  of  the  rpglon  were  famisbed  by  Dr.  A.  C.  Spencer,  whose  complete  report  on 
the  geology  of  the  Santa  Rita  district  will  be  published  by  the  United  States  Geological  Survey. 
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these  intrusives  consists  of  limestones  of  Carboniferous  (Pe 
vanian)  age,  and  of  Cretaceous  shales  and  sandstones. 

The  alteration  of  the  rocks  in  the  vicinity  of  the  ore  deposit 
been  marked.    Within  a  rudely  elliptical  area,  measuring  i 
7,000  feet  east  and  west  and  more  than  10,000  feet  north  and  s 
the  prevolcanic  rocks  were  thoroughly  permeated  by  metamorph 
solutions.    These  solutions  have  sericitized   the   shales  and 
charged  them  with  pyrite;  they  have  silicified  and  pyritized 
sandstones,  and  have  changed  the  limestones  in  many  place 
chlorite-sericite  rocks,  carrying  large  amoimts  of  pyrite  and  lot 
much  magnetite.    All  the  igneous  rocks  are  somewhat  minerali 
as  shown  by  the  presence  of  pyrite.    The  older  quartz-porphyi 
practically  everywhere  completely  sericitized,  but  this  sort  of  alt 
tion  is  much  less  general,  and  is  locally  lacking  in  the  yotu 
intrusives. 

In  the  main,  the  mineralization  is  of  the  type  that  is  produced 
general  metasomatic  alteration  of  the  rocks.    Highly  individuali: 
veins  are  .essentially  lacking,  though  reticulating  fractures  in  \ 
rocks  are  locally  healed  by  quartz  fillings.    The  date  of  the  miner 
ization  is  not  precisely  known,  but  on  the  south  the  altered  roc 
are  overlapped  by  immetamorphosed  volcanics,  indicating  that  t 
mineralization  was  essentially  complete  before  the  extravasation 
the  latter  in  Miocene  time. 

ORE  DEPOSITS. 

The  copper  ores  of  Santa  Rita  are  mainly  low-grade  deposits  i 
which  the  copper  minerals  are  disseminated  through  the  rocks,  an 
various  rocks,  both  sedimentary  and  igneous,  are  contained  in  th 
ore  bodies.    Metamorphism  and  primary  sulphide  deposition  resulted 
from  the  action  of  hot  solutions  of  magmatic  origin.    Almost  every- 
where the  altered  rocks  carry  at  least  small  amounts  of  copper,  but 
material  of  ore  grade  has  been  formed  mainly  through  the  enrichment 
of  relatively  lean  rock  by  the  downward  movement  of  water. 

The  principal  copper  mineral  of  the  sulphide  ores  is  chalcocite,  but 
metallic  copper  and  cuprite  are  locally  present.  Chalcopyrite, 
though  seemingly  not  abundant  in  the  ores,  must  have  been  the  pri- 
mary mineral  from  which  most,  if  not  all,  of  the  secondarily  deposited 
copper  has  been  derived.  Malachite  occurs  in  much  of  the  weathered 
capping,  and  is  intermixed  in  varying  proportions  with  other  copper 
minerals'  in  the  upper  parts  of  the  sulphide  ore  bodies. 

Rich  copper  ores  that  were  mined  in  former  years  came  from  a 
series  of  ore  bodies  disposed  along  a  ciuving  belt  400  to  800  feet  wide 
and  about  6,000  feet  long.  This  ore  belt  is  comprised  in  the  wider 
and  more  extensive  zone  which  includes  the  principal  ore  bodies  of 
much  lower  average  grade  that  have  been  developed  by  the  Chino 
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Copper  Co.  As  now  outlined  (see  PL  III)  the  ore  zone  is  an  approxi- 
mately elliptical  annulus  500  to  1,000  feet  wide,  with  an  inside  shorter 
diameter  of  2,000  feet  and  a  longer  diameter  of  3,000  feet.  The 
principal  axis  of  the  ellipse  trends  northwest.  The  ores  are  of 
yariable  composition,  as  the  different  rocks  mentioned  have  entered 
into  the  ore  bodies,  and  each  rock  has  been  differently  affected  by 
the  metamorphosing  agents: 

In  the  main  the  results  of  chum-driU  prospecting  show  that  the 
ore  bodies  are  rather  definitely  though  not  sharply  limited  down- 
ward, and  this,  together  with  the  fact  that  chalcocite  replaces  pyrite, 
proves  that  the  ores  owe  their  present  copper  content  partly  to 
processes  of  enrichment  due  to  the  downward  movement  of  surface 
waters. 

The  weathered  overburden  that  caps  the  sulphide  ores  varies  in 
thickness  from  a  few  feet  to  150  feet  or  more,  the  average  being  about 
85  feet.  In  general  the  ore  bodies  measure  more  than  100  feet  ver- 
ticaDy,  but  what  may  be  called  the  bottom  surface  is  extremely 
irregular.  Thus  in  one  section  of  the  ore  area,  material  carrying 
chalcocite  and  metallic  copper  has  been  found  continuing  to  depths 
as  great  as  1,300  feet,  and  in  several  places  the  ore  bodies  are  400  to 
500  feet  thick. 

The  variations  in  thickness,  and  the  fact  that  the  segregations  that 
are  large  enough  and  of  sufficiently  high  grade  to  constitute  ore 
occur  in  a  rather  definite  zone,  are  thought  to  be  due  to  differences  in 
the  conditions  of  underground  drainage. 

The  variations  in  the  mineral  constitution  of  the  ores  are  wide. 
Different  sorts  and  grades  of  ore  are  rather  intricately  intermixed,  so 
that  maintenance  of  the  output  of  a  mine  at  any  average  mineral 
composition  is  always  difficult  and  at  times  impossible.  The  chief 
variations  of  practical  moment  are,  first,  in  the  relative  amounts  of 
copper  minerals  to  pyrite  and  magnetite,  and,  second,  in  the  propor- 
tions of  heavy  copper  minerals  to  malachite.  In  the  milling  of  the 
ores  a  high  iron  content — that  is,  a  high  proportion  of  pyrite  and 
magnetite — tends  to  a  low  ratio  of  concentration,  and  any  large  pro- 
portion of  malachite  results  in  a  marked  decrease  in  the  percentage 
of  copper  recovered. 

ADAPTATION  OF  MINING  METHODS  TO  GEOLOGY  AND  TOPOG- 
RAPHY. 

The  methods  of  prospecting  and  mining  adopted  in  the  Santa  Rita 
district  have  been  determined  by  the  geologic  features  of  the  ore 
deposits,  and  the  general  scheme  of  excavation,  ore  delivery,  and 
waste  disposal  has  been  nicely  adjusted  to  the  topographic  situation. 

By  reason  ot  the  wide  extent  of  the  ore  bodies  as  compared  with 
their  depth,  they  were  well  suited  to  chum-drill  prospecting  for  the 
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determination  of  ore  tonnages  and  grades  of  ore.  The  altered  an« 
generally  soft  nature  of  the  rocks  resulted  in  low  drilling  costs,  am 
the  relatively  even  grade,  of  the  ore  favored  accuracy  in  determmini 
the  copper  content  of  the  ores. 

The  feasibility  of  open-cut  mining  by  means  of  steam  shoveL 
depends  on  the  size  of  the  ore  bodies  and  the  thickness  of  the  over* 
lying  waste. 

Because  the  altered  rocks  that  contain  the  ore  and  constitute  the 
gangue  are  soft,  drilling  is  easy.  These  rocks  are  much  jointed  and 
break  readily  when  blasted. 

Any  appreciable  addition  to  the  amount  of  waste  material  that 
must  be  moved,  owing  to  large  slides,  is  not  anticipated.  In  general, 
the  overburden  of  soil,  or  unconsolidated  debris,  is  shallow,  and 
everywhere  such  material  is  essentially  free  from  percolating  water. 
Overburden  consisting  of  weathered  rock  is  also  well  drained,  and 
both  materials  stand  well  without  ''slaking"  in  any  important  degree. 
Although  the  ore  and  the  weathered  rock  contain  abundant  sericite, 
and  when  finely  broken  develop  much  colloidal  material,  in  place 
they  are  generally  strong  enough  to  stand  with  fairly  steep  slopes 
for  all  depths  that  are  reached  by  open  pits. 

The  mines  are  situated  in  a  basin  which  is  a  broadened  section 
of  the  valley  of  Santa  Rita  Creek. 

In  plan  the  outline  of  the  Santa  Rita  mine  workings  is  like  that 
of  a  jew's-harp,  two  great  cuts  forming  the  flaring  loop,  the  block 
left  to  carry  the  creek  forming  the  tongue  (see  PI.  III).     The  creek 
flows  southwest,  leaving  the  ore-bearing  area  4,000  feet  beyond  the 
point  of  entry  and  at  an  elevation  120  feet  lower.     The  inclined 
approaches  that  permit  locomotive  haulage  in  removing  the  ore 
from  the  deep  pits  have  grades  opposed  to  the  general  surface  slope. 
These  approacl\es  diverge  at  a  point  more  than  1,200  feet  down 
stream  from  the  westerly  edge  of  the  ore  area.     The  length  of  haul 
from  the  far  end  of  each  of  the  mine  pits  to  the  common  track  that 
serves  the  crushing  plant  is  thus  greater  than  1  mile,  so  that  con- 
siderable depths  can  be  directly  attained.     Eventually  spirals  or 
switchbacks  will  be  required  and  possibly  the  use  of  hoisting  planes       ^  U 
or  Shay  geared  locomotives  may  be  advantageous.     At  present  the 
development  plans  of  the  company  do  not  contemplate  that  any 
mining  will  bo  done  by  means  of  steam  shovels  below  an  elevation 
of  6,050  feet,  which  is  approximately  150  feet  below  the  points  where 
the  pit  approaches  intersect  the  groimd  surface.  ^ 

The  crusher  is  situated  near  the  mouth  of  the  canyon-like  valley 
which  drains  the  Santa  Rita  basin,  the  delivery  track  being  at  a 
level  about  80  feet  above  the  assembly  yard.     From  this  yard  the 
ore  trains  go  to  the  concentrating  plant  at  Hurley  by  way  of  the        "^*- 
Atchison,  Topeka  &  Santa  Fe  Railroad. 

'■  and : 
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Whereas  the  ore  tracks  necessarily  converge  for  the  purpose  of 
delivery,  the  waste  tracks  are  in  the  main  divergent.  The  principal 
dumping  ground  is  in  the  valley  of  Whitewater  Creek,  south  of  the 
mines,  but  most  of  the  waste  from  the  upper  levels  of  the  northern 
section  has  been  deposited  within  the  Santa  Rita  basin  west  and 
northwest  of  the  mines. 

Because  of  the  semiarid  character  of  the  climate,  current  grotmd- 
water^^eepage  is  slight  in  comparison  with  the  extent  of  the  workings 
and  pumping  costs  are  correspondingly  low.  At  times  of  heavy 
rains  the  lowest  levels  in  the  pits  become  flooded,  but  little  time  is 
lost  from  this  cause.  Continued  rains,  which  are  seldom  experienced, 
result  in  reduced  operating  efficiency,  mainly  by  causing  track 
troubles. 

For  some  time  to  come  a  channel  for  the  creek  will  be  maintained 
directly  across  the  Santa  Rita  basin,  but  eventually,  in  order  to 
remove  large  amounts  of  ore,  the  diversion  of  the  stream  will  be 
necessary.  Occasionally  after  heavy  rains  the  volume  of  water 
carried  by  the  creek  is  lai^e,  but  the  mine  pits  have  been  so  planned 
that  they  are  in  no  danger  of  being  flooded  from  this  source. 

The  Giino  company  has,  for  convenience  of  reference,  grouped 
its  property  into  six  ore  bodies,  as  follows:  C.  Y.  B.,  Sierra,  Hearst, 
R.  W.  T.-,  Old  Fort,  and  Estrella.  This  grouping,  however,  is  some- 
what artificial  and  'the  divisions  do  not  correspond  in  every  case 
with  actual  breaks  in  the  mineralized  area.  In  fact  some  of  the 
ore  bodies  are  somewhat  merged  with  each  other  and  some  are 
separated  by  areas  of  mineralized  but  low-grade  rock.  Their  annular 
grouping  around  a  relatively  barren  core,  their  extent,  and  their 
general  relations  are  shown  by  Plate  III, 

mSTORT  OF  MINING  IN  SANTA  RITA  DISTRICT.a 

It  is  said  that  copper  was  first  mined  at  Santa  Rita  by  the  Aztecs. 
It  was  probably  one  of  the  places  where  they  procured  the  native 
metal.  About  1800  a  friendly  Apache  chief  showed  the  croppings 
near  the  present  Romero  shaft  to  Col.  Jos6  Manuel  Carasco,  the  officer 
in  charge  of  the  Spanish  mihtary  posts  in  New  Mexico.  Col.  Carasco 
interested  Don  Manuel  Francisco  Elguea,  of  Chihuahua,  a  wealthy 
merchant  banker  and  subdelegate  to  the  Spanish  Court,  and  the 
latter  obtained  a  concession  to  the  property  under  Mexican  law. 
Four  years  later  Elguea  purchased  Carasco's  interests  and  began  to 
open  up  the  property.  The  copper  produced  found  a  ready  market 
with  the  Mexican  Government  for  coinage.  Almost  imtil  the  early 
nineties  the  region  was  infested  with  warlike  Apache  Indians,  who 
were  not  subjugated  until  almost  exterminated;  hence  the  Spaniards 

A  The  chief  source  of  Information  r^arding  past  conditions  is  a  manuscript  report  by  Mr.  Jolm  M.  Sully, 
manager  of  the  Chino  Copper  Co. 
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had  to  build  a  fort  and  maintain  a  military  force  to  protect  the  camp. 
The  fort  was  a  triangular  structure  with  heavy  built  adobe  towers 
guarding  each  of  its  apices,  and  these  were  joined  by  strong  adobe 
walls.  One  of  the  old  towers  is  still  standing  and  until  recently  was 
used  as  a  jail.  Other  remnants  of  these"  ancient  fortifications  are 
still  extant. 

Bough  smelting  works  were  built  and  from  the  sulphide  and  oxide 
ores  mined  copper  metal  was  extracted  in  a  crude  way.  This  was 
carried  on  mule  trains,  under  military  convoy,  to  Chihuahua  and  on 
to  Mexico  City.  It  is  said  that  Elguea  left  at  his  death,  in  1809,  a 
considerable  fortime.  Later,  his  widow  leased  the  property  to 
Juan  Onis.  After  a  few  years  it  was  leased  to  Siqueiros,  and  was 
worked  intermittently,  owing  to  Indian  outbreaks,  imtil  the  late 
fifties,  when  Indian  hostility  finally  forced  its  abandonment. 

Gen.  Sibley,  in  command  of  Confederate  forces  from  Texas,  held 
this  region  for  a  short  time.  Efforts,  mostly  unsuccessful,  were  then 
made  to  work  the  mines. 

In  1873  the  dawn  of  a  more  prosperous  period  was  at  hand,  for 
M.  B.  Hayes,  connected  with  the  first  smelting  works  in  Colorado, 
began  work  at  the  present  Romero  mine.  A  248-foot  shaft  was  simk, 
and  a  furnace,  which  proved  inadequate,  was  erected.  A  shipment 
of  40  tons  of  picked  ore  and  imperfectly  smelted  copper  was  hauled 
by  teams  700  or  800  miles  to  a  railroad  station  in  Colorado  and 
forwarded  to  the  Baltimore  Copper  Works  and  to  the  Revere  Copper 
Works,  at  Point  Shirley,  Mass.  In  October,  1873,  Mr.  Hayes  and 
associates  obtained  title  to,  and  possession  of,  the  property  from  the 
sole  surviving  heirs  of  the  Elguea  family,  who  were  settled  through 
Mexico  and  Europe.  Until  the  heirs  had  transferred  their  interests 
the  United  States  Land  Office  had  refused  to  issue  patent  to  the 
property,  because  the  Elguea  family  had  rights  imder  the  treaty 
between  the  United  States  and  Mexico.  Later,  patent  was  taken  out 
by  the  Hayes  interests,  so  as  to  make  the  title  more  secure  and  to 
guard  against  future  litigation. 

In  1881  the  property  was  sold  to  J.  Park  Whitney,  and  a  stamp 
mill,  later  burned,  was  erected  near  the  foot  of  Romero  HiU.  In  1882 
diamond  drilling  was  done.  Although  the  records  of  some  of  these 
holes  are  still  extant,  their  exact  location  has  not  been  ascertained. 

The  year  1891  saw  the  railroad  completed  to  Hanover,  a  few  miles 
away,  and  in  1899  a  branch  into  Santa  Rita  was  finished. 

In  1897  Mr.  Whitney  gave  a  lease  and  bond  to  the  Hearst  estate, 
but  in  1899  sold  the  property  to  the  Santa  Rita  Mining  Co.,  before 
the  lease  had  expired.  The  new  company  developed  some  large 
bodies  of  high-grade  sulphides  and  considerable  native  copper. 
After  extraction  of  these,  active  operations  were  carried  on,  mostly 
by  lessees,  on  a  basis  of  35  per  cent  to  the  owners  when  copper  was  15 
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cents  or  more  per  pound,  and  25  per  cent  when  it  was  less  than  15 
cents.  The  Santa  Rita  company,  however,  continued  to  operate  the 
miS,  treating  ore  purchased  from  the  lessees  and  low-grade  ore  from 
the  dumps,  formerly  thjrown  out  as  waste.  It  is  said  that  this  old 
mill,  which  had  a  capacity  of  only  120  tons  per  day,  left  copper  in  the 
tailings  to  the  amount  of  4  per  cent  of  the  rock  treated.  It  is  therefore 
a  far  cry  from  the  old  methods  to  present-day  milling  efficiency. 
Lessees  continued  work  until  about  1906.  Ore  containing  10  per  cent 
copper  was  sold  by  them,  but  ore  with  a  lower  copper  content  they 
threw  on  the  waste  dumps. 

A  new  era  dawned  on  this  ancient  mining  district  in  1906,  for  in 
that  year  systematic  sampling  of  the  property  was  begun  by  Mr.  John 
M.  Sully,  the  present  manager  of  the  Chino  company.  The  old 
dumps  and  the  old  workings  were  sampled,  and  chum-drill  sampling 
was  begun. 

PRESENT  CONDITIONS  AND  EXTENT  OF  PROPERTY. 

After  an  extensive  report  by  Mr.  Sully  concerning  the  results  of 
the  samphng  mentioned,  the  present  company  acquired  the  property, 
which  now  consists  of  147  mining  claims,  including  fractional  and 
full  claims,  comprising  2,645  acres;  131  of  these,  aggregating  2,412 
acres,  are  patented.  In  addition,  the  company  owns  160  acres  of 
agricultural  land  adjacent  to  its  mining  claims.  The  property 
contained  19  different  shafts,  aggregating  over  4,000  feet  of  sinking, 
and  these  were  connected  by  several  thousand  feet  of  imderground 
workings. 

This,  then,  was  the  beginning  of  the  development  as  a  result  of 
which  an  old  and  inefficient  miU  that  treated  120  tons  of  ore  per  day 
has  been  replaced  by  a  modem  mill,  with  a  capacity  of  about  7,000 
tons  per  day,  which  successfully  treats  ore  containing  less  than  0.8 
per  cent  of  copper. 

Stripping  operations  were  started  by  the  Chino  company  in  October, 

1910,  the  ore  taken  out  being  sent  to  stock  piles.    During  August, 

1911,  the  first  shipment  of  ore  was  made  to  the  mill.  The  total 
shipments  during  that  month  were  nearly  14,000  wet  tons. 

PROSPECTING  AND  LOCATING  ORE  RODHfiS. 

Preliminary  to  the  systematic  prospecting  and  delimiting  of  the  ore 
bodies  with  chum  drills,  an  accurate  topographic  map  of  the  region, 
on  a  scale  of  100  feet  to  the  inch  and  showing  a  contour  interval  of  5 
feet,  was  made.  This  map  was  then  laid  off  into  north-south  and 
east-west  coordinates  at  intervals  of  100  feet,  and  a  datum  point  at  a 
coordinate  intersection  was  established,  for  the  purpose  of  locating, 
by  coordinates  referred  to  this  point,  aU  the  drill  holes  that  were  to  be 
put  down,  as  for  instance:  Hole  10,  north  650  feet  and  west  355  feet. 


Bulletin  107 


DEPARTMENT  OF  THE  INTERIOR 

FRANELIN  E.  LANE,  SBciaTABr 

BUREAU  OF  MINES 

VAN.  H.  HANNINC.  DtKSCToa 


PROSPECTING  AND  MINING  OF  COPPER  ORE 
AT  SANTA  RITA,  NEW  MEXICO 


DONALD  F.  MACDONALD 

Gtoltgiil,  VkiuJ  Slalti  Gi-Jagiial  Survey 
AND 

CHARLES  ENZIAN 

Minifig  Engiiutr,  Bunau  of  Mia,, 


CoopCTRtJon  with  the  United  Sutes  Geological  Survey 


12    PROSPECTING  AND  MINING  COPPER  ORE  AT  SANTA  RITA. 


Form  1. — Fonn  lued  by  driller  in  reporting  to  mine  office  the  work  done  by  his  crew.o 

DAILY  CHUBV-DBILL  BXPO&T. 

SAMPLES. 


Depth. 


Nam- 
b«rof 
sam- 
ple. 


Character  of  rock. 


3. 
4. 


1.  Qnart^^lorite. 

2.  Andeslte-p  o  r- 

Qturtztte. 

Limes  or  other 
rock. 

Leached  or  tm- 
leached. 

Altered  or  un- 
altered. 

Hard  or  soft. 
5.  Sflicified  p  o  r- 


totrafc 


6.  Centraicity  in- 
tmsive. 


Color  of  sludge: 
Red  or  dark 

brown. 
Light  yellow. 
Pink  or  purple. 
Light  brown. 
Gray  or  white. 
Green  or  blue. 


Minerals. 


A  Chaloocite. 

B  Pyrite. 

C  Metallic  cop. 
per. 

D  Oxides  of  cop- 
per. 

E  Cvbonates. 

F  Chalcopvrite. 

G  Magnetite. 

H  Hematite. 

I  Mica. 


Sampling 
applianoe. 


QD 


I 


Cavhig. 


o 


♦« 
S 


8 

JH 


« 


1^ 

o  8 

a  h 

1? 


§ 


GENERAL  REMARKS. 


Water. — ^Depth  reached Stands  at  depth  of. 


Faults  and  Clay  Seams. — Depth  below  surface . .  .ft.    Width  of  fault  material . .  .ft. 
Size  op  Bit Casino:  Size ;  depth 

EMPLOYMENT  OP  TIME. 


Actual  drilling  hours Moving  and  setting  up  hours 

Repair  hours Casing  or  removing  casing 

Other  delays 

Driller Shift 

Helper Date 

Sampler Hole  No Drill  No. 

Note. — Enter  time  after  each  name. 


a  Size  of  form  as  printed  by  operating  company,  8{  by  13|  inches;  held  in  binder  through  two  holes  in 
top. 
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In  the  office  the  data  from  the  daily  drillers'  reports  were  compiled 
into  a  monthly  report   (Form  2).    The  average  performance  and 

FoBH  2. — Forma  used  in  compiling  monthlyreport  from  data  in  daily  drUlen*  reports  j 

08  Mown  in  Form  1. 


Date. 


1 
2 
3 
4 

5 
6 
7 
S 
0 
10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
23 
25 
27 
28 
29 
30 
31 


Totals 


n 


k 


I 


I? 


o 


I 


I     : 

a  ! 


m 


tS 


i 


S 


I 


1 


DriUNo. 


Driller. 


Helper. 


0  Size  of  form  used  by  operating  company,  8|  by  14  inches;  upper  half  only,  showing  space  for  recording 
data  covering  day  shift,  is  shown;  lower  half  provides  for  similar  data  covering  night  shifL  Held  in 
binder  through  four  holes  at  left. 

efficiency  of  the  chum  drills  used  in  prospecting  the  Santa  Rita  ore 
bodies  can  best  be  shown  by  the  table  following.  In  this  the  per- 
fonnance  of  two  Cyclone  No.  6  deep-hole  drills  is  averaged  for  a 
period  of  10  months.  The  %ures  are  fairly  representative  of  what 
has  been  accomplished  by  prospecting  drills  on  the  somewhat  soft- 
ened and  locally  sheared  granitic  and  other  rocks  of  Santa  Eita.  A 
similar  table,  showing  jn  a  comparative  way  the  performance  of  all 
the  driUs;  was  made  out  for  each  month. 
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Chwm-drUl  record. 

IMHCh  to  DwMibv,  IfU-lO  BflnthB.] 
DAY  SHIFT. 


DriUNo. 

F«0t 
drflkd. 

Totol 

wvking 

hoan. 

Fvent 

time 
drfllinK. 

Fvent 

time 
delayvd. 

Fcront 

time 
repairing. 

Fvr«nt 

time 
moving. 

ATcnge 
feet  per 
IXKir<»r 
drilling. 

6 

3.221 
3,365 

3,727 

5Q.3 

1A.3  >           3.3           19.2 
ia6  '           2.5            lft.2 

1.46 

7 

3,776  '         n.7 

1.26 

NIGHT  SHIFT. 


6. 

7. 


3,071 
2,M7 


2,S0S 
2,850 


78w9 
84.4 


16.4 
12.3 


3.5 
X2 


V2 
1.1 


1.50 
1.23 


TOTAL. 


0 

6,292 
6.312 

6,325 
6,626 

67.0 
76.4 

17.5 
11.3 

3.4 
2.4 

ULl 
9.9 

1.48 

7 

L25 

COST  OF  PB08PEGT  DRCLLINO. 

To  the  miner  the  cost  of  prospectmg  is  of  great  importance;  hence 
cost  data  r^arding  chum  driUing  these  ore  bodies  are,  through  the 
courtesy  of  the  Chino  Copper  Co.,  presented  in  some  detail,  as 
follows: 

Co$t  data  on  dittm  or  prospect  drilling  at  Santa  Rita^  JV.  Jfex. 


Drill  No8. 


llooth. 


Cost  of— 


Lebor. 


SoppUes. 


Teaming. 


Admin- 
istratlcn. 


Total. 


Per 
foot. 


Per 
shift. 


6»  7,  and  12 
6aiid7.... 

eand7 

eand7 

6and7.... 

6  and  7 

6and7 


1912. 
May 

Jane 

July 

August 

September. 
October.... 
November. 


12,106.14 
2,089135 
1,997.43 
1,969.57 
1,953.78 
1,823.99 
1,775.52 


661.09 
451.20 
496.14 
442.02 
506.98 
619.47 


1142.18 
8a  25 
112.75 
129.00 
15a  25 
153.96 
134.75 


9349.28 
27a  23 
229.67 
209.12 
234.24 
185.25 
23&54 


83,091.63 
3, 04a  92 
2,791.05 
2,803.83 
2, 78a  29 
2, 67a  17 
2,768.28 


82.81 
2.29 
2.33 
2.00 
X13 
Z68 
Z42 


123.90 
26.44 
24.48 
23.56 
24.56 
23.95 
27.82 


The  above  table  is  valuable  as  a  general  index  of  the  cost  of  chum, 
drill  prospecting.  Of  course,  in  other  places  local  conditions  might 
cause  considerable  variation  from  the  figures  given. 

ASSAY  RECORDS  AND  ORE  CLASSIFICATION. 

The  assay  returns  were  compiled  on  loose  leaves  (Form  3),  which, 
when  filled  out,  were  put  into  strong  permanent  binders  and  kept  as 
volumes.  In  the  columns  of  this  form  the  location  of  the  sample 
in  the  hole  was  recorded  under  depth  and  its  value  when  assayed  by 
the  permanganate  method  was  shown  in  the  '^Perm.  Cu/'  column. 
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Form  3. — Form  tued  in  assay  record  of  drill-hole  samples. ^ 

HOLEirO * 


Depth. 


Perm. 
Ca. 


Met. 
Ca. 


^. 


total. 


Elect. 
Cu. 


Averages, 


Rock. 


Mbwrab. 


SludgB. 


The  resiilts  of  electrolytic  check  assays  were  recorded  under  the  head- 
ing "Elect.  Cu."  In  the  column  headed  "Averages,"  the  ore  was 
divided  into  classes,  as  follows: 

Ore  cktssifioaHon  used  by  Ckino  Copper  Co, 

Ctsm,  Copper  oomtent,  per  cent.  JktdgnsMm, 

P. 0.00  to  0.79 Poor. 

L 1 0. 80  to  0. 89 Low  No.  1 . 

L2 0.90  to  0.99 Low  No.  2. 

P LOO  to  L 24. ...Fair. 

G L25toL49....Good. 

£ L  50  to  1. 99 Excellent. 

8 2. 00  upward Superlative. 

Any  native  copper  contwied  was  recovered  by  screening  or  panning 
the  crushed  sample;  this  was  weighed  and  the  weight  recorded  in  the 
column  headed  "Met.  Cu."  The  siun  of  the  native  copper  content 
and  the  copper  determined  by  the  permanganate  method  was  then 
set  down  in  the  column  headed  "Cu.  total."  Notes  on  the  kind  of 
rock  passed  through,  the  minerals  encountered,  and  the  color  and 
character  of  the  sludge  were  set  down  in  the  columns  headed  "Rock," 
"Minerals,"  and  "Sludge."  It  will  be  seen  that  this  form  gave  a 
comprehensive  record  of  each  hole,  including  its  location  by  coordi- 
nates, time  of  drilling,  depth,  values  for  ei^ry  assay  interval  of  3  feet, 
and  averages.  However,  to  more  thoroughly  visualize  the  mineral- 
ized conditions  indicated  in  each  hole,  its  assay  record  was  plotted 
on  Gros&«ection  paper  somewhat  as  shown  on  Form  4.  Two  ink 
Unes  to  represent  each  drill  hole  were  drawn  as  shown.  The  sections 
as  determined  by  the  groups  of  assay  results  were  indicated  by  hori- 
zontal ink  lines,  as  shown,  each  smcdl  square  on  the  paper  represent- 
ing a  depth,  or  sampKng  interval,  of  3  feet;  the  figures  opposite 
showed  the  percentage  of  copper  that  the  rock  contained. 
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In  grouping  the  ore  into  the  foregoing  classes,  every  sudden  axid 
considerable  change  in  valuoB,  if  the  record  showed  a  dhange  in 
the  character  of  the  sludge,  was  noted  as  a  possible  class  boundary. 
Rock  carrying  less  than  0.8  per  cent  of  copper  was  considered  of  too 
low  grade  to  be  classed  as  ore,  as  is  explained  later.  However,  where 
small  masses  of  waste  occurred  with  the  ore,  in  such  a  way  that  sepa- 
ration from  the  latter  could  not  profitably  be  carried  out,  it  was 
figured  in  as  a  diluent  of  the  ore  reserves. 

OBOSS-SBCnONING  THB  ORB  BODIES. 

Following  the  assay-record  sheets  came  the  work  of  making  cross 
sections  of  the  ore  body.  These  were  compiled  from  the  data  shown 
on  the  assay  records  and  the  drill  hole  records  and  show  both  north- 
south  and  east-west  cross  sections  of  the  ore  bodies  at  intervals  of 
100  to  200  feet,  depending  on  the  spacing  of  the  drill  holes  and  the 
data  that  they  furnished.  Where  the  holes  were  several  feet  away 
from  a  cross  section,  the  data  from  them  were  projected  to  the  section 
and  recorded  there,  with  a  statement  of  the  dktance  and  direction  of 
the  hole  from  the  section.  These  cross-section  sheets  are  used  to  show 
the-general  form  and  relations  of  the  ore  body  and  the  relations  of 
the  different  classes  of  ore  with  the  barren  areas  and  with  each  other. 

A  typical  generalized  cross  section  is  shown  in  Form  5.  The  scale  is 
the  same  as  that  used  by  the  Chino  company,  namely,  1  inch  equals 
200  feet  horizontally  and  60  feet  vertically.  Each  hole  shows  in 
place  the  number  of  feet  of  each  class  of  ore,  and  of  waste,  that  is 
encountered.  Lines  were  drawn  connecting  points  of  approximately 
equal  values;  thus,  by  the  law  of  averages,  the  relative  quantities 
of  each  class  were  graphically  shown  on  the  section. 

The  figures  £0,  £1, 23,  etc.,  along  the  top  of  Form  5  are  the  numbers 
of  the  drill  holes  along  the  line  of  the  cross  section,  the  cross  section 
being  constructed  from  the  data  revealed  by  these  holes.  The 
numbers  2^  N,  3'  S,  etc.,  under  some  of  the  hole  numbers  mean  that 
the  hole  is  2  feet  north,  or  3  feet  south  of  the  actual  cross-section  line, 
but  the  data  from  holes  that  are  so  close  to  the  section  are  projected 
onto  the  section  just  as  though  the  holes  were  in  line.  The  P  areas 
(imshaded)  show  the  relations  of  waste  material  to  ore,  etc.  The 
shaded  areas  that  he  inside  and  above  the  heavy  dotted  line  are  ore 
areas,  and  these  are  divided  into  two  different  classes  by  two  different 
patterns  of  shading.  The  shaded  areas  are  further  subdivided  into  a 
total  of  five  classes  of  ore  by  light  dotted  lines  connecting  points  of 
similar  change  of  value  in  each  drill  hole. 

The  ore  below  the  6,050-foot  level  can  probably  not  be  recovered 
by  steam-shovel  mining  and  the  present  methods  of  rail  haulage,  so 
that  the  cost  of  recovering  it  will  be  somewhat  increased. 


4SS08*— Bull.  107—16.    (To  taoe  page  IG.) 
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The  notation  10  N.,  East  and  West  crosssection,  at  the  top  of  the 
cross  section  means  that  this  is  an  east  and  west  cross  section,  and  is 
the  tenth  north  from  cross  section  1.  The  figures  1000,  1500,  etc.> 
are  the  horizontal  distances  in  feet.  The  vertical  distances,  referred 
to  sea  ley  el,  are  shown  by  the  figures  6050,  6200,  6350,  etc.,  on  the 
right  margin. 

The  use  of  colors  to  denote  the  different  classes  of  ores  shown  by 
the  cross  section  adds  greatly  to  its  clearness.  In  the  form  as  used 
at  the  mine  two  colors,  indicated  by  shading  in  the  form  as  presented, 
were  used  to  bring  out  the  special  relations. 

Figure  2  represents  two  drill  holes.  Hole  1  shows  3  feet  of  class  E 
ore  below  17  feet  of  barren  rock.     Hole  2  shows  10  feet  of  class  E  ore 


//o/el 


Surface 


Me2 


I 
I 
I 

\a/7feefc/a^^P 


^'^^^^Sf^^Ky^te^K^^f!^^^^ 


t,  —  — — "^ 


)i6  sfeef  C/9SS  E  ore 


B 


[^  c/essP 
waste 


\ 


}^c/ass£ 
!    ore 


lofeef 
}f  c/assS 
\     ore 


FiouBS  2.— Method  of  estimating  dasaes  of  ore  from  drill  records  so  as,  to  show  them  on  cross  sections. 
a,  hole  /,  17  feet  of  dass  P  rock  or  waste;  h,  3  feet  of  dass  £  ore;  e,  10  feet  of  class  P  rock;  d,  hole  t,  lo 
feet  of  dass  P  rock;  e,  10  feet  of  class  £  ore;/,  10  feet  of  dass  S  ore.  The  area  A  would  be  waste,  the  area 
B  would  he  dass  £  ore,  and  the  triangnlw  area  C  would  be  S  ore.  It  would  be  figured  as  extending 
up  to  hole  1  though  no  S  ore  had  actually  been  encountered  in  that  hole.  The  D  area  would  be  waste 
rock  that  would  not  be  moyed. 

and  10  feet  of  class  S  ore  below  10  feet  of  barren  rock.  A  straight 
(dotted)  line  connects  the  top  boundary  of  class  E  ore  in  hole  1  with 
the  top  boundary  of  this  dass  of  ore  in  hole  2;  and  similarly  for  the 
bottom  boundary.  Although  no  class  S  ore  was  found  in  hole  1  yet 
the  dass  S  ore  body  found  in  hole  2  may  maintain  its  full  thickness 
out  nearly  to  hole  Jf,  so,  by  the  law  of  averages,  it  is  approximately 
correct  to  figure  the  ore  as  occupying  the  triangular  space  C. 

Cross  sections  are  very  hdpful  in  showing  the  trend  of  ore  bodies 
and  their  form  and  general  relations.  Where  geological  conditions 
can  be  shown  on  the  cross  sections  they  are  especially  valuable  in 
studying  ore  deposits.  Such  cross  sections  as  are  presented  are  not 
quite  accurate  enough  for  use  in  making  final  estimates  of  ore  ton- 
nages. A  more  accurate  method  of  ore  estimation  is  discussed  in  a 
subsequent  section. 
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GBNSBAI4  CON8IDB&ATIONS  IK  DBLDOTIKG  QBE  BODIBS. 

An  iiiBpection  of  the  completed  cross-eection  sheets  made  fairly 
evident  just  what  ground  could  profitably  be  mined  under  the  con- 
ditions. With  the  cross'^ection  data  as  a  basis,  the  liTniting  outUnes 
ot  the  ore  bodies  were  drawn  on  maps  showing  the  surface  configura- 
tion, drill  holes,  etc.  The  chief  considerations  that  governed  the 
mapping  of  the  horizontal  limits  to  which  ore  could  be  mined  were 
as  follows :  (1 )  The  depth  of  the  ov^burden  and  the  slopes  at  which 
its  banks  would  stand;  (2)  the  local  size  and  thickness  of  the  ore 
body  and  its  character  and  value;  (3)  the  method  o{ mining — whether 
the  ore  body  could  all  be  taken  out  by  steam  shovels  at  about  the 
same  average  cost  as  the  main  part  of  the  ore  body,  or  whether  extra 
expense  would  be  involved. 

Of  course,  it  was  recognized  that  there  must  necessarily  be  a  limit 
to  the  depth  to  which  steam-shovel  mining  with  locomotive  haulage 
could  be  carried.  After  consideration  of  various  factors  it  was 
believed  that  below  the  6,050-foot  level  (measured  from  sea  level) 
the  great  open-cut  mining  pits  would  be  so  deep  and  so  restricted 
in  area  at  the  bottom  that  certain  modifications  in  the  methods  of 
mining  the  ore  below  that  level — a  relatively  small  percentage  of  the 
total  ore — ^would  have  to  be  adopted.  The  chief  factors  regulating 
the  depth  to  which  it  would  be  convenient  to  mine  with  steam  shovels 
were  believed  to  be  as  follows:  (1)  The  horizontal  extent  of  the  ore 
body,  in  relation  to  its  depth,  would  have  to  be  considered  because  a 
certain  amoimt  of  ''elbow  room"  would  be  necessary  for  steam 
shovels,  car  tracks,  etc.;  (2)  the  maintenance  of  economical  trans- 
portation grades  for  hauling  out  the  ore  and  waste  would  limit  the 
depth  of  working  by  steam  shovels  and  locomotive  haulage;  (3)  if 
the  horizontal  dimensions  of  the  deposit  were  great  enough,  steam 
shovels  might  load  the  ore  even  in  very  deep  pits,  and  it  might  be 
hauled  out  by  means  of  Shay  or  rack-geared  locomotives,  or  over 
inclined  planes  with  cable  haulage. 

Estimates  of  the  ore  above  the  6,050-foot  level  were  kept  separate 
from  those  of  the  relatively  small  proportion  of  ore  below  that  level, 
as  the  cost  of  taking  out  the  lower  ore  would  be  slightly  greater. 

MBTHODS   OF  ESTIMATING   OEE. 

When  the  facts  collected  in  prospecting  and  sampling  the  ore  bodies 
were  supplemented  by  geologic  and  by  general  Tnining  oost  data,  the 
whole  body  of  information  thus  systematically  gathered  was  used  in 
estimating  the  tonnage  of  rock  rich  enough  to  be  classed  as  ore  and 
available  for  mining. 
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ASSAY  I>LAN. 

In  proceeding  toward  a  methodical  solution  of  the  problem  of  ore 
estimation  the  first  step  was  to  make  an  assay  plan.  This  consisted 
of  a  copy  of  the  original  drilling  map  showing  each  hole,  by  number, 
its  location,  the  number  of  feet  of  ore  encountered  in  it,  the  average 
value  of  the  ore,  the  number  of  feet  of  waste  that  would  have  to  be 
moved  from  the  ore  there,  etc. 

PREUJflNABY  BSTn£ATBS. 

Some  general  idea  of  the  form  and  size  of  the  ore  body,  as  well  as 
possible  methods  of  working  it,  had  to  be  obtained  before  defixdte 
figures  on  the  amount  of  minable  ore  available  could  be  made.  For 
instance,  if  only  a  quarter  of  a  million  tons  of  ore  was  in  the  deposit, 
the  average  cost  per  ton  for  mining  would  be  more,  other  things  being 
equal,  than  if  it  contained  5,000,000  tons. 

After  determination  had  been  made,  in  a  general  way,  that  the  ore 
body  was  properly  situated  and  extensive  enough  to  warrant  mining 
it  with  steam  shovels  on  a  large  scale,  an  estimate  was  made  of  the 
probable  cost  of  removing  and  dumping  the  valueless  stripping  mate- 
rial and  mining  the  ore  by  open-cut  methods  on  a  scale  commensurate 
with  the  great  size  of  the  deposit.  The  estimated  cost,  including  con- 
centrating, smelting,  marketing  the  product,  all  wastage,  and  all 
expenses  was  $2  per  ton  for  moist  ore.  From  the  cost  data  on  mining, 
shipping,  and  treating  the  ore  from  the  somewhat  similar  ore  bodies 
of  the  Utah  Copper  Co.'s  properties,  it  was  known  that  the  figure 
mentioned  was  a  conservative  one  on  which  to  base  estimates  of  the 
ore  reserves. 

In  order  to  faciUtate  the  estimation  of  ore,  the  critical  worth,  below 
which  mining  at  a  profit  could  not  in  general  be  counted  on,  was 
eiq>re6sed  in  units  or  values  of  copper.  At  13  cents  per  poimd  for 
copper,  ore  that  assayed  0.8  per  cent,  or  16  poimds  of  metal  per  ton, 
valued  at  $2.08,  meant  at  least  8  cents  per  ton  profit,  if,  as  above 
stated,  all  costs  and  wastage  allowances  amounted  to  $2  per  ton. 

After  figures  of  this  kind  had  been  prepared  in  this  general  way,  it 
was  decided  to  adopt  0.8  per  cent  of  copper  as  what  might  be  called 
the  critical  content.  All  rock  containing  a  less  percentage  could  not 
on  this  basis  be  estimated  as  or^.  However,  it  was  realized  that  if 
the  price  of  copper  went  up  considerably,  then  wherever  practicable 
much  of  the  leaner  rock  would  imdoubtedly  be  mined  as  ore,  but  such 
a  contingency  could  not,  of  course,  be  made  a  factor  in  a  conservative 
estimate.  Wherever  a  mass  of  lean  rock  happened  to  be  surrounded 
by  ore,  so  that  separating  it  was  unprofitable,  then  of  course  it  was 
figured  in  as  a  diluent,  which  reduced  somewhat  the  average  tenor 
of  the  ore. 
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A  critical  copper  content  of  0.8  per  cent  having  been  fixed  as  the 
content  below  which  the  rock  could  not  conservatively  be  called  ore, 
there  being  very  little  gold  or  silver  in  it,  the  estimate  was  made 
first  by  the  cross-section  method,  which  consisted  in  estimating  the 
mass  of  ore  by  means  of  square  prisms  and  then  by  figuring  its  value 
from  the  drill-hole  and  cross-section  data.  Later,  as  a  check,  the 
more  exact  triangular-prism  method  was  used.  As  this  method  is 
better  adapted  for  close  and  careful  ore  estimation,  though  involving 
about  the  same  general  principle  as  the  cross-section  method,  it  is 
explained  in  detail  below. 

ESTIXATINa  ORB  BY  TBIANaULAB-PBISM:  KBTHOD. 

From  the  assay  record  of  each  drill  hole  the  ore  reserves  were  cal- 
culated. For  these  calculations  three  well-boimd  books  with  blank 
pages  were  used.  They  were  each  about  9^  by  12  inches  in  size  and 
were  cross  ruled  on  a  scale  of  4  spaces  to  the  inch.  Book  1  may  be 
called  the  log  book  of  prospect  drill  holes.  On  page  1  were  recorded 
the  ore  calculations  for  hole  1,  on  page  2  the  calculations  for  hole  2, 
and  so  on. 

The  following  examples  are  to  show  how  the  drill-hole  records, 
prepared  on  Form  4,  were  calculated  in  Book  1 : 

Specimen  cqlculation  sheets  from  drill-hole  recorde  shown  in  Form  4^ 


HOLB  A  (X.  IM;  8.  e.00.). 

LOa  OF  HOLE. 

ORB  OF  CLASS  S. 

ORB  OF  CLASS  L2. 

Feet 
o(ore.  ( 

19 

Class. 
pa 

L2 

Percent 
copper. 

.'907 

Foot  per 
cent. 

"8.'i6 

Feet  Percent    Foot  per 
of  ore.  copper.       cent. 
21    2.114      44.39 
51    2.600    132.60 

9      .907 
12      . 912 

21 

8.16 
10.94 

9 

19.10 

15 

F 

1.186 

17.79 

21    2.157      45.30 

6 
21 

L  1 

S 

.875 
2.114 

5.25 
44.39 

27    2.135      57.64 

ORE  OF  CLASS  L  1. 

15 

E 

1.880 

28.20 

120                 279. 93 

6      .875 

5.25 

60 

pa 

6      .850 

5.10 

6 

L  1 

'.'860 

"5*16 

ORE  OF  CLASS  E. 

9      .817 

7.35 

15 
9 

G 
L  1 

1.480 
.817 

22.20 
7.35 

15    1.880      28.20 

15      .840 
9      .883 

12.60 
7.94 

12 

E 

1.500 

18.00 

12    L  500      18. 00 

^0                  m    Sm^K^n^ 

12      .838 

10.05 

51 

S 

2.600 

132. 60 

12    1.  700      20. 40 

9      .850 

7.65 

12 

F 
L  1 

1.150 
.840 

13.80 
12.60 

39                   66. 60 

66 

15 

55.94 

54 

pa 

9 

L  1 

.883 

'7*94 

ORE  OF  CLASS  0. 

CLASS  P  WASTE. 

12 
21 
12 

E 
S 
L  2 

1.700 

2.157 

.912 

20.40 
45.30 
10.94 

16    L480      22.20 

193     

ORE  OF  CLASS  F. 

15 

F 

1. 160 

17.40 

520 

619. 99 

12 

L  1 

.838 

10.05 

16     1.186      17.79 

60 

pa 

12    L150      13.80 

12 

F 

i.'i58 

is.' 89 

15    1.160      17.40 

27 

S 

2.135 

57.64 

12    1.158      13.89 

12 

F 

1.112 

13.34 

12    1.112      13.34 

9 

L  1 

.850 

7.65 

66                   76. 22 

520 

519. 99 

a  Waste. 
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HOLE   B  (X.  210;  8.  0.60.}. 

LOG  OF  HOLE. 

ORE  OF  CLASS  B. 

ORE  OF  CLASS  L  2. 

Feet 

Percent 

Foot  per 

Feet  Percent 

Foot  per 
cent. 

Feet     Percent  Foot  per 

cfore. 

ChuB. 

copper. 

cent. 

ol  ore.  copper. 
18    2.283 

of  ore.     oopper. 
12      .  937 

cent. 

33 

po 

41.09 

1L24 

12 

L2 

'.'937 

'ii.'24 

9    2.077 

18.69 

12      .950 

11.40 

9 

F 

L133 

10.19 

15    2.100 

31.50 

24      .924 

22.18 

12 

£ 

L760 

2L00 

*  15    2.100 

31.50 

9      .950 

8.55 

18 
6 

S 
F 

2.283 
1.050 

41.09 
6.30 

, 

57 

122.78 

57 

53.27 

12 

E 

1.935 

23.22 

15 

LI 

.810 

12.15 

ORE  OF  CLASS  E. 

ORB  OF  CLASS  L  L 

12 

F 

1,075 

12.90 

12    1.750 

21.00 

15       .  810 

12.15 

69 

po 

12    L935 

23.22 

18      .  861 

15.49 

18 

LI 

'.'sei 

"15.' 49 

15    1.920 

28.80 

12      .887 

10.64 

15 

F 

1.204 

18.06 

12    1.775 

21.30 

12      .850 

10.20 

9 

s 

2.077 

18.69 

9      .883 
66 

7.95 

12 

L2 
G 

.950 
1.266 

n.40 
22.78 

51 

94.32 

18 

56.43 

15 

E 

L920 

28.80 

ORE  OF  CLASS  0. 

^M^^ 

^r**»  ^^ 

24 
48 
12 

L2 
pa 

LI 
G 
S 
E 

.924 

22.18 

18    L266 

22.78 

CLASS  P  WASTE. 

'.'887 
1.320 
2.100 
1.775 

'io.'ei 

19.80 
3L50 
21.30 

16    L320 
6    L300 

39 

19.80 
7.80 

207     

528 

15 

435.83 

15 
12 

50.38 

9 

L2 

.950 

8.55 

ORE  OF  CLASS  F. 

57 

P« 

12 

LI 

'.'850 

'16*20 

9     L133 

10.19 

9 

F 

1.233 

n.10 

6    L050 

6.30 

15 

S 

2.100 

31.50 

12    L075 

12.90 

6 

G 

L300 

7.80 

15    L204 

18.06 

9 

LI 

.883 

7.95 

9    1.233 
51 

ILIO 

528 

435.83 

58.55 

«  Waste. 
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KOLB 


LOG  OF  HOLE. 


Feet 

of  ore'.  Class. 

42  pa 

18  L  1 

21  G 

12  E 

21  F 

6  E 

6  G 

48  P« 

12  L  2 

9  G 

12  E 

24  S 

G  E 

15  F 

12  L  1 

18  F 

12  E 

12  F 

12  L  2 

60  pa 

9  L  2 

15  F 

15  E 

21  S 

18  E 

30  pa 

6  L  2 

39  G 


Per  cent 
copper. 

•  •  *  *  « 

.882 
1.263 
1.837 
1.085 
1.975 
1.300 

•  •  •  •  • 

.912 
1.333 
1.850 
2.150 
1.775 
1.160 

.832 
1.120 
1.837 
1.100 

.950 

•  •  •  •  • 

.910 
1.154 
1.880 
2.128 
1.600 

.'966 
1.397 


Foot 
oen 


r 


531 


15.88 
26.52 
22.04 
22.79 
11.85 
7.80 

•  «••*« 

10.94 
12.00 
22.20 
51.60 
10.65 
17.40 
9.98 
20.16 
22.04 
13.20 
11.40 

"8.'i9 
17.31 
28.20 
44.69 
28.80 

"5.' 40 

54.48 

495. 52 


C  (E.  IM:  S.  IM.). 

ORE  OF  CLASS  S. 

Feet  Per  cent    Foot  per 
of  ore.  copper.       cent. 

24  2.150   51.60 

21  2.128   44.69 


45  96. 29 

ORE  OF  CLASS  E. 


ORE  OF  CLASS  L2. 

Feet    Per  cent    Foot  per 
of  ore.    copper.       oent. 

12  .  912  10. 94 

12  .950  11.40 

9  .  910  &  19 

6  .900  5. 40 


12  1.837 

6  1.975 

12  1.850 

6  1.775 

12  1.837 

15  1.880 

18  1.600 


22.04 
11.85 
22.20 
10.65 
22.04 
28.20 
28.80 


39  35. 93 

ORB  OF  CLASS  L  1. 


18 
12 


.  882      15.  88 
.  832       9. 98 


81  145. 78 

ORE  OF  CLASS  G. 


30  25. 86 

CLASS  P  WASTE. 


21  1. 263 

6  1.300 

9  1.333 

39  1.397 


26.52 

7.80 

12.00 

54.48 


531 


495.52 


75  100. 80 

ORE  OF  CLASS  F. 


21  1.085 

15  1.160 

18  1.120 

12  1.100 

15  1.154 


a  Waste. 


81 


22.79 
17.40 
20.16 
13.20 
17.31 

90.86 


In  explanation  of  the  calculation  sheets  shown  it  may  be  said  that 
the  number  of  the  hole  and  its  location  by  coordinates  are  set  down 
at  the  top  of  the  page,  as  Hole  A  (E.  100;  S.  0.00).  In  the  left- 
hand  column  the  number  of  feet  of  each  class  of  ore  or  waste,  accord- 
ing to  the  classification  mentioned  on  page  15,  is  shown  in  proper 
relative  position,  having  been  taken  direct  from  the  assay  record  of 
the  drill  hole  (Form  4).  The  average  assay  of  each  class  of  ore  in 
percentage  of  copper  is  shown  in  the  second  column. 

Now  10  feet  of  1  per  cent  ore  and  20  feet  of  2  per  cent  ore  would  not 
give  30  feet  of  1.5  per  cent  ore,  but  30  feet  of  1.667  per  cent  ore. 
This  correct  average  is  obtained  by  taking  accoimt  of  the  fact  that 
there  is  twice  as  much  of  the  rich  2  per  cent  ore  as  of  the  1  per  cent 
ore.     The  calculation  follows : 


Feet  of  ore. 
10 

X 

T'er  ofvit  copper. 
1 

-_ 

Foot  per  cent. 
10 

20 

X 

2 

a= 

40 

30 


50 


Dividing  the  total  foot  per  cent,  50,  by  the  total  feet  of  ore,  30,  gives 
1 .667  per  cent  of  copper  as  the  average  value  throughout  the  30  feet. 
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In  like  manner  the  number  of  feet  of  each  class  of  ore  is  multiplied 
by  its  assay  value,  and  the  product  is  set  down  imder  the  column 
marked  "Foot  per  cent."  The  depth  of  the  hole  to  the  bottom  of 
the  lowest  ore  divided  into  the  total  feet  per  cent  would  give  the 
average  value  for  that  hole.  On  the  right-hand  side  of  the  page  are 
segregated  the  figures  for  the  different  classes  of  ore  for  the  given 
hole,  the  nmnber  of  feet  of  each  class,  and  its  foot  per  cent. 

Book  2,  used  in  the  ore  calculations,  may  be  called  the  '' triangu- 
lar-prism book."  In  its  records  the  ore  body  is  regarded  as  composed 
of  a  series  of  vertical  triangular  prisms,  and  the  ore  grade  of  each 
prism  is  separately  calcidated.  The  first  step  in  this  calcidation  is 
to  take,  a  copy  of  the  drill-hole  map  and  connect,  by  straight  lines, 
each  drill  hole  with  its  nearest  neighbors,  in  such  a  way  that  the 
whole  ore-bearing  area  is  divided  into  triangles,  with  the  apices  of 
each  triangle,  or  rather  the  edges  of  each  triangular  prism,  marked 


/ptrcMt  cofiper 


/percent  copper- 


/percent 
copper 


iptr  cent  coppei 


/per  cent  copper^ 

B 


PlavsK  3.— Methods  of  dlyidJng  ore  area  Into  triangles.  A,  Incorrect  method;  B,  correct  method. 

* 

by  a  drill  hole.  The  ore  grade  in  each  triangular  prism  is  thus  closely 
approximated  by  the  average  grades  found  in  the  three  drill  holes 
fomiing  its  edges. 

There  is  a  right  way  and  a  wrong  way  to  lay  off  these  triangles. 
Suppose  five  drill  holes  were  placed  and  showed  values  about  as  in 
figures. 

Figure  3,  A,  shows  the  wrong  way  to  triangulate  these  holes,  if 
divided  in  the  way  shown,  triangle  1  would  show  only  1  per  cent  of  ore, 
whereas  in  reality  the  2  per  cent  ore  should  be  calculated  as  extending 
halfway  from  €  to  a,  as  indicated  by  the  dotted  hnes.  Of  course,  in 
any  particular  case,  the  rich  ore  might  not  extend  halfway  toward  a, 
but,  according  to  the  law  of  averages,  it  should  be  calculated  as 
though  it  did,  so  as  to  make  proper  apportiomnent  of  the  high  as  well 
as  of  the  low  values.  If  the  drill-hole  area  were  divided  as  in  figure 
3,  A,  triangle  1  woidd  be  undervalued  and  triangle  2  overvalued. 

Correct  apportionment  of  the  values  to  each  of  the  triangles  is 
shown  in  figure  3,  B.    The  data  on  which  to  base  properly  evaluated 
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triangulation  are  obtained  not  only  from  the  average  assays  of  each 
hole,  but  largely  from  the  geologic  information,  such  as  the  con- 
tinuity of  the  ore  values,  shown  on  the  cross  sections. 

When  all  of  the  ore-bearing  drill  holes  have  been  connected  by 
lines  so  that  each  hole  forms  the  apex  of  one  or  more  triangles,  each 
triangle  so  formed  is  given  a  nmnber.  On  page  1  of  the  triangle 
book  are  found  the  calculations  for  triangle  1,  as  follows: 

Specimen  page  from  triangle  hook. 

TBIAVOLB  1.    A&£A,  7,150  SQITARE  TXBT.    HOLES  A,  B,  AVX>  O. 

[Data  taken  from  calcolations  on  pages  20,  21,  and  22.) 


Class  of  ore. 

Hole. 

S. 

E. 

G. 

F. 

L2. 

LI. 

P, 

4 

Feet 
of  ore. 

Foot 

per 

cent. 

Feet 
of  ore. 

Foot 

per 

oenL 

Feet 
of  ore. 

Foot 

per 

cent. 

Feet 
of  ore. 

Foot 

per 

cent. 

Feet 
of  ore. 

Foot 

per 

cent. 

Feet 
of  ore. 

Foot 

per 

cent. 

feet 

of 

vnalte. 

A 

B 

C 

120 
57 
45 

279.  fl8 

122.78 

96.29 

80 
51 
81 

66.60 

04.32 

145.78 

15 
39 
75 

22.20 

50.38 

100.80 

66 
51 
81 

76.22 
58.55 
00.86 

21 
57 
39 

19.10 
53.87 
35.03 

66 
66 
30 

55.94 
56.43 
25.86 

193 
207 
180 

aa 

b& 

c« 

dd 

222 

74 
6i 
1,« 

499.00 
166.83 
9,100 
»,260 

171 

57 
40^ 
73( 

306.70 
102.23 

,550 

,945 

120 
43 
80* 
412 

173.38 
67.79 
,450 
),199 

196 
66 

47 
53: 

225.63 
75.21 
,900 
r,752 

117 
39 
2T 
251 

108.40 
86.13 
(,860 
S,830 

162     138.23 
54      46.06 
38  (,100 
820,472 

580 
193.33 

a  Line  a  shows  sum  of  the  number  of  feet  and  foot  per  cent  of  the  different  classes  of  ore  for  the  three  holes, 
b  Lhie  b  shows  one-third  of  a,  or  the  average  of  the  three  holes. 

e  Line  o  shows  average  thickness  multiplied  by  area,  giving  cubic  feet  of  each  cla<s  of  ore  In  prism, 
d  Line  d  shows  average  foot  per  cent  multiplied  by  area  giving  cubic  foot  x>er  cent  or  "volume  assay''  of 
each  class  of  ore  in  prism. 

P. 

B«  207     -^  X  7,150-  -^—^ —  - 1,382,333  cubic  feet,  or  amount  of  waste  oonteined  In  triangular  prism  1. 
C-180       ^  * 

580 

The  sample  of  the  calculations  set  forth  in  the  triangle  book  shows 
that  the  area  of  the  'triangle  and  the  number  of  the  holes  from  which 
its  ore  content  is  calculated  are  set  down  at  the  top  of  the  page. 
Line  a  shows  the  total  number  of  feet  of  ore  and  the  foot  per  cent  of 
each  class  of  ore  in  each  hole.  The  average  thickness  and  the 
average  foot  per  c^it  of  each  class  for  the  prism  (one-third  of  a)  are 
entered  in  line  b.  Line  c  shows  the  average  thickness  of  each  class 
of  ore  multiplied  by  the  cross-sectional  area  of  the  prism.  This  gives 
the  number  of  cubic  feet — ^the  volume — of  a  particular  class  of  ore. 
The  d  line  shows  the  cubic  foot  per  cent,  or  the  volume  assay,  for 
each  class  of  ore  in  the  triangular  prism.  It  is  obtained  by  multi- 
plying the  average  foot  per  cent  by  the  cross-sectional  aroa  of  the 
prism. 

The  third  book  for  ore  calculations  is  of  the  same  type  as  the 
other  two,  and  may  be  called  the  book  of  ore  totals.  In  it  are  re- 
corded the  volume  of  ore  and  the  volume  assay,  or  cubic  feet  per  cent, 
of  each  class  in  each  triangular  prism  for  each  ore  body.    Let  us 
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assume  that  ore  body  A  contains  100  triangular  prisms  of  ore,  each 
exactly  equal  to  prism  ,1,  already  recorded.  The  ore  in  such  an  ore 
body  would  be  summed  up  in  the  book  of  ore  totals  somewhat  as 
follows  : 

Specimen  page  from s^booh  of  ore  totdU. 

TOTAL  ORE  DT  DBS  BODY  A.  % 


Class  of  ore. 

Cubic  feet 
of  ore. 

Volume 

assay  or 

cubic  feet 

percent. 

Percent 
copper. 

Tons  of 
ore,  at  13 
oublcfeet 

per  ton. 

S 

52,010,000 
40,755,000 
30,745,000 
47,190,000 
37,885,000 
38,610,000 

118,996,000 
73,004,500 
41,810,000 
53,775,200 
36,833,000 
32,047,200 

3.347 
1.793 
1.343 
1.130 
.036 
.853 

4,070,000 
3,185,000 
2,365,000 
3,630,000 

E : 

G 

F 

L2 ^. 

3,145,000 
3,070,000 

LI : :.: :...: :"::.:.:.:.:: 

238,005,000 

345,805,800 

1.453 

18,315,000 

Dividing  the  volume  assay,  or  cubic  feet  per  cent,  of  ore  by  the 
cubic  feet  gives  the  average  assay  value,  in  per  cent,  for  each  class 
and  for  the  total  ore. 

In  order  to  convert  the  cubic  feet  of  ore  into  tons,  the  average 
specific  gravity  of  the  ore  body  must  be  determined.^  If  found  to  be 
2.5,  then  a  cubic  foot  of  ore  would  weigh  2.5  times  the  weight  of  a 
cubic  foot  of  water,  or  2.5  X  62.5  « 156.25  pounds;  thus  13  cubic  feet 
of  such  ore  would  weigh  approximately  a  ton.  Thirteen  cubic  feet 
of  Chino  ore  in  the  sohd  and  21  cubic  feet  of  broken  ore  were  found 
to  average  practically  a  ton,  and  this  average  was  used  in  the  calcu- 
lation of  ore  reserves.  Dividing  the  cubic  feet  of  ore  by  13  gives  the 
tonnage  shown  above — 18,315,000  tons  of  ore,  containing  an  average 
aaaay  value  of  1.453  per  cent  copper,  or  practically  266,117  tons  of 
copper.  The  actual  amount  of  this  copper  that  could  be  recovered 
would  of  course  depend  on  the  percentage  of  recovery  made  by  the 
mill  and  smelter. 

To  summarize,  holes  were  drilled  through  the  ore  body  every  100 
or  200  feet,  and  these  were  sampled  at  depth  intervals  of  3  feet. 
The  assay  values  from  each  sample  were  arranged  in  order,  and 
grouped  into  classes  as  shown  in  Form  4.  The  classes  were  entered 
iQ  the  log  book  of  prospect  drill  holes,  and  the  drill  holes  were  grouped 
together  in  sets  of  threes,  each  set  of  three  marking  the  edges  of  a 
vertical  triangular  prism.  The  average  values  for  each  prism  were 
calculated  in  the  triangular  prism  book;  and  finally  the  total  ore  for 
each  ore  body  was  summed  up  in  the  book  of  total  ore.  These  books, 
with  all  calculations,  are  preserved  with  other  company  records. 

a  For  dlagnun  and  farmola  convenient  for  ore  calculations  see  Mead,  W.  J.,  The  relation  of  density, 
porosity,  and  moisture  to  the  specific  volume  of  ores:  Econ,  Oeol.,  vol.  3,  June-July ,  1908,  pp.  319-^2$, 
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The  results  from  the  book  of  ore  totals  were  arranged  into  tables 
as  follows:  A  table  of  total  ore  developed  up  to  March  1,  1912,  and 
the  yardage  of  stripping  that  would  have  had  to  be  moved  to  recover 
it;  a  table  of  the  total  steam-shovel  ore  developed  up  to  the  same 
date,  and  the  yardage  of  stripping  that  covered  it;  a  table  of  addi- 
'  tional  steam-shovel  ore  developed  after  March  1,  1912. .  Of  these 
tables  the  one  covering  the  amount  of  steam-shovel  ore  developed 
up  to  the  date  mentioned  follows: 
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FOBHUIiAS  FOB  ESTIMATINO  OBB. 

FOBBOTLA  FOB  DETERMINING  LOWEST  GRADE  OF  ROCK  THAT  MAY  BE 

CLASSED  AS  OBE. 

The  formulas  foUowing  may  be  largely  credited  to  Mr.  L.  E. 
Foster,  assistant  superintendent  of  the  Giino  company's  mine. 
The  authors  merely  developed  a  little  further  his  fundamental 
formula.  Formula  1  m  for  use  in  determining  what  grade  of  rock 
might  be  mined  as  ore  imder  varying  conditions  of  costs  and  of 
copper  prices.  The  factors  in  the  equation  are  explained  below. 
Certain  cost  figures  are  given  to  be  substituted  in  the  equations. 
These  figures,  however,  are  being  modified  by  more  efficient  methods 
as  time  goes  on. 

n^  M+Fo-fm    .  f.+S         ,  .,  ,  ..  ,       ^,100 

^^^  AOX2000X0.  95  "^D  2000X0.95  "r^t-i^-r-c-u  jq^ 

Simplifying  equation  1  we  get: 

W  1900  C     +  1900  D  +A(R+li-+c)=ABj^ 

Transposing  equation  S  gives: 

(^)  1900  C    "  ^  L"l0r    I900D^^+^+^)J 

Transposing  equation  3  gives: 

M-fFp+m 

1900  0 
(4)  A  = 


100B_(VfS)_ 

~i05^     1900D^^'^^^"''> 


Simplifying  equation  4  gives: 

A  _  _        M+Fp+m 

f 

Values  substituted  for  factors  in  foregoing  equations. 

Factor.  Definition  of  factors.  Value. 

M=Mimiig  costs  per  dry  ton  of  ore $0. 4683 

Fo=Freight  from  mine  to  mill  per  dry  ton  of  ore .  1111 

m=Milling  costs  per  dry  ton  of  ore 6776 

fo=Freight  on  concentrates  per  dry  tou  from  mill  to  smelter 1. 1191 

S=sSmelting  charges  per  dry  ton  of  concentrates 6. 352 

R= Refining  and  delivering  charges  per  pound  of  copper  paid  for 0106 

£= Export  freight  and  insurance  charges  per  pound  of  copper  paid  for 0014 

1 
c=Commission  on  sales - 100^ 

B=Value  per  pound  of  copper - 13 

C=Percentof  extraction  by  the  mill 66 

D=Per  cent  of  copper  in  the  concentrates 25 

A=Per  cent  of  copper  per  dry  ton  of  ore. 
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The  coDfltant  2,000  stands  for  the  2,000  pounds  In  each  ton  of  ore.  The  constant 
0. 95  stands  for  the  95  per  cent  of  the  copper  content,  or  the  net  copper  that  the  smelter 
actually  pays  for.  The  dry  ton  of  ore  figured  in  these  calculations  is  the  ore  with 
the  weight  of  its  moisture  content  deducted .  The  moisture  content  in  the  ore  averages 
about  10  per  cent. 

About'  eight  months  elapse  from  the  time  the  ore  is  mined  until 
the  copper  is  sold.  During  this  period  capital  is  tied  up  in  the 
metal.  Interest  on  this  capital  is  allowed  at  the  rate  of  5  per  cent 
for  the  eight  months.    This  interest  factor  is  introduced  into  the 

1 00 

equation  by  multiplying  B,  the  value  of  copper,  by  y?^*  a  fraction 

that  represents  the  lessened  value  of  money  by  reason  of  the  interest 
deduction. 

In  the  expression  AC  X  2000x0.95,  used  as  denominator  in  the 
first  member  of  equation  1,  2,000  pounds  of  ore  multiplied  by  A, 
the  percentage  of  copper  contained  in  the  ore  expressed  decimally, 
multiplied  by  C,  the  percentage  of  copper  that  is  saved  by  the  miU, 
multiplied  by  0.95,  the  percentage  of  the  copper  from  the  mill  that 
is  paid  for  by  the  smelter,  gives  the  net  amoimt  of  copper  in  poimds 

recovered  from  each  ton  of  ore.    The  expression  AnyoooQyn  Q^' 

means  simply  the  net  number  of  poimds  of  copper  recovered,  divided 

f  +S 
into  the  cost  of  recovering  it.    In  the  same  way,  oqoqdxQQ'i ^®*^^ 

the  net  copper  recovered  from  the  concentrates  at  the  smelter  divided 

mto  the  cost  of  recovering  it.    The  whole  equation  then  "represents 

the  total  net  cost  of  copper  with  the  different  factors  expressed  as 

100 
mathematical  quantities,  equated  to  B^txH'  which  is  the  value  of  the 

copper  lessened  by  an  interest  charge  of  5  per  cent.  As  the  equation 
stands,  nothing  is  charged  for  the  interest  lost  on  the  deferred 
profits.  In  general,  application  of  the  formula  interest  on  the  capital 
tied  up  in  the  enterprise  should  be  charged. 

By  substituting  in  equation  5  the  different  costs  selected  as  being 
well  within  the  factor  of  safety  for  the  first  estimate  of  the  ore  values, 
and  simplifying,  we  get: 

.  ,       1.157 1.157       _  1.157 

C6)  ^"1235  (0.1238-0.0157 -0.0133)""  1235  (0.0948)^117.078 

»0.00988,  or  0.^88  per  cent. 

Now  by  eliminating  M,  the  cost  of  mining,  from  equation  6  and 
then  solving  for  A,  we  find  what  low-grade  material,  which  had  to 
be  removed  in  order  to  get  at  richer  ore,  could  profitably  be'^ent  to 
the  miU  rather  than  to  the  waste  dump.    The  figures  follow. 

0  6887 
(7)  A= jj^^=0.005882,  or  0.5882  per  cent. 
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Equation  7  is  equation  6  with  the  M  values — ^the  cost  of  mining — 
eEminated.  Some  rock  that  contains  between  0.5  and  0.8  per  cent 
of  copper  has  to  be  moved  to  get  at  good  ore;  the  cost  of  sending 
it  to  the  dump  is  about  the  same  as  that  of  sending  it  to  the  mill. 
The  question  to  be  solved  under  such  conditions  is:  Having  this 
material  mined  and  loaded  because  of  the  necessity  of  getting  it  out 
of  the  way,  what  content  of  copper  will  decide  whether  it  shall  be 
sent  to  the  mi^  or  to  the  waste  dump.  Equation  7  gives  the  answer — 
all  rock  that  contains  more  than  0.5882  per  cent  of  copper  should, 
under  the  conditions  given,  go  to  the  mill,  and  all  rock  that  contains 
a  lesser  proportion  of  copper  should  go  to  the  waste  dump. 

FORMULA  TO  DETERMINE  WHETHER  ORE  SHOULD  BE  SMELTED  IN  TH£ 
CRUDE,  OR  MILLED  AND  THE  CONCENTRATES  SMELTED. 

The  formida  used  to  determine  what  grade  of  ore  from  the  mine 
shoidd  be  shipped  direct  to  the  smelter,  or  to  show  where  the  cleav- 
age between  smelting  ore  and  concentrating  ore  should  be,  is  dis- 
cussed below.  When  the  total  cost  per  pound  of  copper  paid  for  is 
the  same,  whether  the  ore  be  smelted  in  the  crude  or  milled  and  the 
concentrates  smelted,  then  the  following  equation  holds: 

.  .  M-fF,-fSo  -M+F,±m    f,+Sj 

Sfl)  -j^ +R+E-Hc= — -j^ H-j^+K+li+c. 

The  values  substituted  in  this  formula  are  in  general  fairly  repre- 
sentative of  the  costs  at  Santa  Rita  up  to  the  middle  of  1914.  Since 
then  improvements  have  been  made. 

Vahus  svbatituUd  for  factors  in  equation  8. 

Definition  of  foctor. 
Fwtor.  Vahi«. 

M  ^sMiidiig  cost  per  dry  ton  of  ore $0. 4683 

F.=Freight  on  crude  ore  from  mine  to  smelter  per  dry  ton 1. 1111 

Fo=Freight  on  ore  from  mine  to  mill  per^dry  ton 1111 

m  =Milling  costs  per  dry  ton  of  ore 5776 

f o  ^Freight  on  concentrates,  mill  to  smelter,  per  dry  ton 1. 1191 

So  =Smelting  charges  for  crude  ore  per  dry  ton 7. 25 

S  o=Smelting  charge  per  dry  ton  of  concentrates 6. 352 

R  » Refining  and  delivering  per  pound  of  copper  paid  for 0106 

E  ^Export  freight,  insurance,  etc. ,  per  pound  of  copper  paid  for 0014 

1 
c  =CommiBsion Toh-^ 

B  =Value  per  pound  of  copper. 
C  ^Percentage  of  extraction  by  mill. 
D  » Percentage  of  copper  in  the  concentrates. 
A  ss Percentage  of  copper  per  ton  of  ore  (expressed  decimally). 
y  =(2000  multiplied  by  0.95)=1900. 
0. 95=P6rcentage  of  the  copper  content  which  is  recovered  by  the  smelter 
(expressed  decimally). 
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Molfiplying  equation  8  by  Ay  we  get: 

(9)  M+F.+S,+Ay(R+E+c)-?^±J^±5!+^i^^+Ay(R+B+c) 

Transposing: 
{10)  AM:?e)+Ay(R4-E+c)  -  Ay(R+E+c)-M4-F.4-So-  ^M±^±E;\ 

Hence: 


M+F.+Sq    (M-l-Fo+m) 


W 


A= 


D 


C _D[C(M+F.+So)-(M+F,-fm)l 

C(fo+S.) 


If  the  value  of  the  mill  recovery  (C)  and  the  percentage  of  copper 
the  concentrates  contain  (D)  are  known,  these  values  can  be  substi- 
tuted in  equation  11  and  the  value  of  A  obtained.  Below  are  a  few 
values  of  A  for  given  values  of  C  and  D. 

Values  of  A  for  given  values  of  C  and  D. 


c 

D 

A 

c 

D 

A 

c 

D 

A 

P.cf. 

P.rt. 

P.  a. 

P,a, 

P.d.. 

P,ct. 

P.rt. 

P.et. 

P.et, 

60 

20 

1&47 

60 

35 

23.09 

60 

30 

27.71 

66 

20 

18.87 

65 

25 

23.69 

65 

30 

28.31 

70 

20 

19.21 

70 

25 

24.01 

70 

30 

28.82 

In  other  words,  with  C  at  60  per  cent  and  D  at  20  per  cent,  the  rock 
would  have  to  contain  18.47  per  cent  of  copper  before  the  cost  of 
recovering  that  copper  would  be  the  same  whether  the  ore  was 
smelted  in  the  crude  or  milled  and  the  concentrates  smelted.  For 
given  values  of  C  and  D,  the  corresponding  values  for  A  represent 
critical  values  below  which  the  ore  should  be  milled  and  the  con- 
centrates  smelted  and  above  which  it  should  be  shipped  diroct  to 
the  smelter. 

When  the  profits  on  every  dry  ton  of  ore  are  equal  whether  the 
ore  is  smelted  in  the  crude  or  milled  and  the  concentrates  smelted, 
then  the  following  is  true:  The  value  of  the  copper  recovered  from 
each  dry  ton  of  ore  by  direct  smelting  (VCug)  minus  the  total  cost  of 
recovering  it  (Cg)  is  equal  to  the  value  of  the  copper  recovered  from 
each  dry  ton  of  ore  by  milling  and  smelting  the  concentrates  (VCuni4,) 
minus  the  cost  of  all  the  expenses  of  treating  and  handling  each  ton 
of  ore  (Cm-»«)*    Putting  this  in  equational  form: 

(a)  VCu,— C,=P,=profits  from  direct  smelting. 

{h)  VCaB+s^Cai.i4»Fni+«=profit8  from  milling  and  smelting  the  concentrateB. 

Butif  P,«Pm4<,  then 


W 


VCu.-C.=VCu«+.-C«+.. 
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Now,  substituting  in  equation  e  the  mathematical  expressions  for 
the  value  of  the  net  copper  extracted  from  each  ton  treated  and  the 
expressions  for  the  cost  of  treating  by  both  methods,  selected  from 
equation  9,  we  get: 

(d)  ^  ABy-[(M+F.+So)4-Ay(R+E4-c)l- 

ABCy-[(M+Fo+m)4.29^AC+(R4-E4-c)A0y] 

By  substitution  of  the  more  fixed  costs,  etc.,  we  get: 

7  4711AC 

(e)  1900AB -8.8294 -22.8A-.19AB=1900ABC-1.157 -  ^       -22.8AC-19ABC 

Simplifying: 

7  4711AC 
(/)  1881AB-22.8A«1881ABC4-7.e724-^^^-j5-^-22.8AC 

Factoring  and  transposing,  we  get: 

1881AB(l-C)-7.e724+22.8A(l-C)-^^^^^    ^ 

Transposing,  we  get: 

7  4711AC 
1881AB(1-C)  -22.8A(1  -C)-7.6724  — ^— p 

Multiplying  through  by  — -r  and  transposing,  we  have: 

^-^=1881B(l-C).22.8(l-C)+^'*^^^^ 

Factoring  and  solving  for  A,  we  get: 


7:6g4_(1881B-22.8)(l-C)+^-:Sii2. 


Therefore: 


7.6724 

^^  ^•"(1881B-22.8)(1-C)+7.47110 

Now,  by  substituting  values  for  B,  C,  and  D,  we  can'solve  for  A. 
The  value  of  A  thus  obtained  will  be  the  critical  grade  or  percentage 
of  copper  per  dry  ton  of  ore,  at  which  the  profits  will  be  equal  whether 
the  ore  be  smelted  in  the  crude  or  milled  and  the  concentrates  smelted . 
If  we  let  D  =  20  per  cent,  C  =  60  per  cent,  ^nd  B  =  12  cents,  we  can 
substitute  these  values  in  formula  g  and  solve  for  A,  thus: 

^*)        ^'°(188lX0.12-22.8)(l-0.60)-f7.471lxa60"^-^^^^>  ^'  ^•'*^  ^^  ^'^** 

0.20 

If  the  copper  content  be  greater  than  7.41  per  cent  under  the 
conditions  given,  the  ore  shoidd  be  sent  direct  to  the  smelter;  if 
less,  it  should  be  sent  to  the  mill. 
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From  the  formula  represented  b}'^  equation  li  a  table  may  be  made 
showing  the  values  of  A  for  several  values  of  B,  C,  and  D,  thus- 

Values  of  A  for  several  values  of  B,  C,  and  D,  in  equaHon  h. 


D-ao  per  ceot;  C— 60  per  cent. 
B  A 

12  cents 7.41  per  cent 

14  cents, 6.47  per  cent 


D— 20  per  cent;  C— 05  per  cent. 
B  A 

12  cents 8.05  per  cent 

14  cents 7.07  per  cent 


D— 20  per  oeot;  C— 70  per  cent. 
B  A 

12  cents 8.82  per  cent 

14  cents 7.80  per  cent 


By  giving  other  values  to  D,  as  well  as  by  giving  B  and  C  a  lai^e 
range,  the  table  can  be  made  much  more  extensive.  In  all  cases 
the  value  of  A  thus  obtained  is  the  approximate  grade  of  ore  at 
which  profits,  per  dry  tone  of  ore,  equalize,  whether  the  treatment 
is  direct  smelting  or  milling  and  smelting  the  concentrates. 

The  expression  • — -r"- — -  +  R  +  E  +  c,  taken  from  formula  8  (p.  30) , 

represents  the  cost  per  pound  of  the  copper  sold  when  the  ore  is 
treated  by  direct  smelting.  By  substituting  values  as  given  on 
page  30,  simplifying,  and  rearranging,  we  get: 

0.00i647  B  0.004647      B 

— J— +0-012H-jqqS=0.012H- — J — +io6~^^^*  P^'  pound  of  copper  pold  when  the 

ore  is  smelted  direct. 

Now,  by  substituting  values  for  A  and  B,  and  solving,  we  get  the 
cost  of  copper  per  pound.  Subtracting  this  figure  from  the  selling 
price  gives  the  profit  per  poimd.  If  considerable  range  be  given  to 
the  values  of  A  and  B,  a  table  may  be  made  somewhat  as  follows: 

Cost  and  profit  per  pound  of  copper  paid  for  iuhen  ore  is  smelted  in  the  crude. 


PrtoofoomMr 
perpouiMi. 


CaU$ 
12 

14 

16 

IS 

20 


fOost... 
iProflt. 

rcost... 

iProfit. 

rcost... 

iProflt. 

rcost... 

IProflt. 
fCost... 
iProflt. 


Per  cent  of  copper  in  the  ore. 


10.129 
a.  009 
.1296. 
.0104 
.1298 
.0302 
.1300 
.0600 
.1302 
.0008 


10.1061 
.0139 
.1063 
.0337 
.1065 
.0535 
.1067 
.0733 
.1060 
.0931 


6 


10.0907 
.0293 
.0909 
.0191 
.0911 
.0689 
.0913 
.0887 
.0915 
.1085 


10.0796 
.0404 
.0798 
.0602 
.0600 
.0800 
.0801 
.  0999 
.0803 
.1197 


8 


10.0713 
.0487 
.0715 
.0685 
.0717 
.0883 
.0719 
.1081 
.0721 
.1279 


10.0648 
.0552 
.0650 
.0760 
0652 
.0948 
.0654 
.1146 
.0656 
.1344 


10 


10.0507 
.0603 
.0509 
.0801 
.0601 
.0999 
.0603 
.1197 
.0605 
.1395 


a  Loss  of  9  mills  per  pound  of  copper. 

By  substituting  0.05  for  A,  or  5  per  cent,  and  0.12  for  B,  or  12  cents 
per  pound,  and  solving,  we  get  $0.1061  as  the  cost  per  pound  of  copper 
by  direct  smelting  of  5  per  cent  ore,  as  shown  in  the  above  table; 
subtracting  this  value  from  the  price  of  copper,  $0.12,  we  get  $0.0139 
as  the  profit  per  pound.  An  extensive  table  may  be  compiled  in 
this  way. 
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In  like  maimer ,  from  formula  d  (p.  32)  we  get  the  expression 
[M  4- Fg + So  4- Ay  (R  4- E+c)],  which  stands  for  the  total  cost  of  mining 
and  treating  each  dry  ton  of  ore  when  the  process  is  direct  smelting. 
By  substitution  of  the  values  given  on  page  30  the  expression 
reduces  to  8.8294  ■f22.8A  +  19AB,  the  cost  per  dry  ton  of  ore  treated. 
Substituting  values  and  solving  gives  the  cost  per  ton.  By  sub- 
tracting the  figure  for  cost  from  the  product  of  the  expression 
2000X0.95X0.05X0.12,  which  represents  the  net  pounds  of  cop- 
per recovered  from  each  ton  of  5  per  cent  ore  smelted,  multiplied  by 
its  selling  price,  we  get  the  profit  per  ton  treated.  A  table  as  ex- 
tensive as  may  be  necessary  can  be  made  thus: 

Cost  and  profit  per  dry  ton  (€,000  pounds)  of  ore  smelted  in  the  crude. 


Price  of  copper 
periMimd. 


CenU. 


12. 
M. 
16. 
18. 
90. 


/Cost... 
\Proflt. 
/Cost... 
IProflt. 
/Cost... 
IProflt. 
/Cost... 
IProflt. 
/Cost... 
\Proflt. 


Per  cent  of  cop];>6r  in  the  ore. 


$9,833 
«.713 
0.848 
.792 
0.863 
2.207 
0.878 
3.802 
0.893 
5.307 


6 


$10,083 

1.317 
10.102 

3.108 
10.121 

5.079 
10.140 

6.960 
10.159 

8.841 


$10,334 

3.346 

10.357 

5.603 

10.380 

7.860 

10.403 

10.117 

10.426 

12.374 


7 

8 

9 

10 

$10,585 

$10,836 

$11,087 

$11,337 

5.375 

7.402 

9.433 

11.463 

10.612 

10.866 

11.121 

11.375 

8.008 

10.414 

12.819 

15.225 

10.638 
10.642 

10.897 

11.165 

11.413 

13.425 

16.205 

18.987 

10.665 

10.927 

11.189 

11.451 

13.264 

16.438 

19.591 

22.750 

10.692 

10.967 

11.223 

11.489 

15.807 

19.450 

22.977 

26.512 

a  Represents  a  loss  of  71.3  cents  per  ton  of  ore  treated. 

By  giving  a  larger  range  of  values  to  A  and  B,  this  table  can  be 
greatly  extended. 


Fromformula  <S(p.  30)  we  get  the  expression 


(M  +  Fo+m)  ,  (fo+So) 


ACy  ,  ^  Dy  "^ 
(R  4-  E  +  c),  which  represents  the  cost  per  poimd  of  the  copper  actually 
marketed  where  the  ore  is  milled  and  the  concentrates  smelted.  Now, 
substituting  cost  values  given  on  page  30  in  this  expression  we  get 

IQQO  AC"^19QQ  p+O'Q^^  +  Tqq'"^^^^  P®^  pound  of  copper  sold  when 

the  treatment  is  milling  and  smelting  the  concentrates.    By  giving 
A,  B,  C,  and  D  different  values  a  whole  series  of  tables  may  be  com- 
piled showing  the  cost  and  the  profit  per  pound  of  copper  sold. 
In  like  manner,  from  formula  d  (p .  32 ) ,  the  expression  [M + F© + m  -f 

.o_2YACH-(R-hE  +  c)ACy]  represents  the  cost  of  treating  each 

dry  ton  of  ore  by  milling  and  smelting  the  concentrates.     Substituting 

costs  gives  1.157  + ^^^^^+22.8AC  +  19ABC.    By  substituting  a 

range  of  values  for  A,  B,  C,  and  D  an  extensive  series  of  tables  can  be 
compiled  showing  the  cost  and  profit  on  each  dry  ton  of  ore  by  this 
method  of  treatment. 
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8AMPLZNO  AND  ASSAYING  METHODS. 


PROSPECT-HOLE   SAMPLES. 

In  the  development  of  "ore  in  sight"  by  drilling,  samples  were 
taken  about  every  5  feet  of  hole  drilled  in  the  relatively  barren 
material  near  the  surface;  but  in  all  other  material  they  were  taken 
every  3  feet.  -  The  mixture  of  water  and  drill-hole  cuttings  that  com- 
posed each  sample  was  run  through  what  was,  in  effect,  a  Jones  sam- 
pler, and  quartered  down  so  that  sample  and  washings  constituted 
about  a  gallon.  This  ultimate  sample  was  evaporated  to  dryness  on 
a  specially  arranged  home-made  furnace,  consisting  of  a  fire  box  and 


FlQTjftE  4.— Side  and  end  yiews  of  Improvised  furnace  for  evaporating  drill  samples  of  ore.  Can  be  made 
bj  bladomfth  oat  of  -A-inch  or  i-lnch  boiler  plate.  Smoke  box  of  heavy  sheet  iron;  smokestack,  6  feet  of 
ordinaiy  6-lnch  stovepipe;  evaporating  pans,  about  18  by  18  inches  and  6  inches  high,  made  of  heavy  sheet 
irao. 

a  heating  chamber  built  from  ^-inch  boiler  plate,  somewhat  as  shown 
in  figure  4. 

Some  of  the  rejected  part  of  each  sample  was  carefully  panned  and 
the  concentrates  examined  to  get  information  regarding  the  charac- 
ter of  the  rock  through  which  the  hole  was  passing.  When  notes 
covering  these  data  had  been  made,  the  panned  material  was  put 
into  paper  envelopes  and  filed  away. 

The  dried  example  was  tagged  with  the  number  of  the  hole  and  the 
depth  at  which  it  was  taken,  and  sent  to  the  sample  room.  There,  if 
necessary,  it  was  run  through  a  small  gyratory  crusher,  the  largest 
pieces  from  which  were  about  ono-f ourth  of  an  inch  in  diameter;  then 
after  careful  rolling  on  a  mixing  cloth  it  was  reduced  on  a  Jones 
sampler  to  about  150  or  20Q  grams.  After  that  came  grinding 
in  a  Braun  disk  pulverizer,  followed  by  more  rolling  on  a  mixing 
sheet.    Screening  through  a  150-mesh  to  200-mesh  screen  removed 


36    PROSPECTING  AND  MINING  COPPER  ORE  AT  SANTA  RITA. 

any  metallic  copper,  and  this,  if  present,  was  weighed  and  figured 
into  the  ore  values  as  90  per  cent  pure.  The  pulp  was  then  sent  to 
the  assay  shop,  where  the  determination  was  made,  mostly  by  Lowe's 
potassium  permanganate  method.  Each  assay  was  given  a  serial 
number  in  addition  to  the  number  of  the  hole  and  the  depth  below 
the  surface  from  which  it  had  been  taken,  and  the  part  of  the  pulp 
not  required  in  the  assay  was  put  into  a  paper  envelope  and  carefully 
filed  away. 

GOLD   ASSAYS. 

Since  the  summer  of  1914  a  large  number  of  go^ld  assays  have  been 
made.  As  a  rule,  the  amount  of  gold  present  is  small,  so  that  charges 
of  4  assay  tons  ^  have  had  to  be  used  to  get  a  gold  bead  of  a  size  that 
might  be  weighed  conveniently.  The  smelter  pays  for  the  gold  in  the 
concentrates  when  its  value  is  60  cents  or  more  per  ton.  Assummg  a 
concentration  of  10  into  1,  and  a  saving  of  70  per  cent  in  the  mill,  a 
gold  content  of  only  9  cents  per  ton  in  the  ore  would  give  a  revenue 
from  the  smelter  of  63  cents  per  ton  of  concentrates.  Obviously  the 
presence  of  even  small  amounts  of  gold  favors  the  practice  of  making 
the  concentrates  as  clean  as  possible,  and  during  the  winter  of  1914-15 
important  progress  was  made  in  this  direction  at  the  Hurley  mill. 

BLAST-HOLE   AND   PIT   SAMPLES. 

Where  more  detailed  information  is  necessary  as  mining  proceeds, 
samples  are  taken  from  the  blast  holes.  Such  sampling  shows  with 
considerable  exactness  the  value  of  the  rock  in  place  ahead  of  the 
steam  shovels.  Samples  are  taken — a  small  shovelfid  here  and 
there — ^from  the  broken  rock  in  front  of  each  steam  shovel.  These 
are  called  pit  samples  and  may  be  gathered  every  hour  or  so.  Rough 
determinations,  by  the  colorimetric  method,  are  made  on  these,  as 
they  are  only  for  the  purpose  of  showing  whether  the  rock  is  running 
about  as  it  has  been  indicated  by  the  cross  sections  and  the  estimates. 
Samples  are  also  taken  from  every  car  of  ore  loaded,  and  these  are 
checked  against  other  assays  of  the  ore  body  and  against  mill  returns, 
tailings  assays,  etc.  Formerly,  samples  were  also  taken  by  carofuUy 
cutting  across  the  face  of  many  of  the  benches  with  a  small  pick  or 
a  hammer  and  moil;  a  ladder  was  used  to  get  at  the  upper  part  of 
the  face.  Few  bench  samples  are  taken  now.  Moisture  determina- 
tions were  made  at  various  times  on  the  ore  and  rock. 

STEAM-SHOVEL  SAMPLES. 

Steam-shovel  samples  are  occasionally  taken  and  consist  of  a 
''grab"  shovelful  from  each  steam-shovel  dipperfid  after  it  has  been 
put  on  the  car. 

»  An  Bssaj  ton  contains  29.166  gxBnu. 
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To  summarize,  all  four  kinds  of  samples  are  currently  taken  at 
Santa  Rita,  as  follows: 

1.  Prosi>ect-hole  samples. 

2.  Pit  samples. 

3.  Car  and  steam-shovel  samples. 

4.  Blast-hole  samples. 

Moisture  determinations  are  made  on  many  of  the  samples.  On 
the  average,  about  2,400  assays  and  determinations  are  made  per 
month.  The  assay  staff  consists  of  an  assayer,  one  assistant,  and 
two  men  in  the  sample  shop.  The  latter  attend  to  the  grinding  of 
the  samples,  preparing  the  pulp,  etc. 

SAMPLE  SHOP  AND  ASSAY  SHOP.  . 

The  sample  shop,  a  one-story  structure,  having  a  floor  space  of 
about  500  square  feet,  is  fitted  with  the  following  appliances:  1 
Blake  jaw  crusher,  with  opening  10  by  5  inches,  crushing  to  2  inches, 
to  which  a  revolving  sampler  is  attached;  a  small  Blake  crusher, 
with  an  opening  3  by  4  inches,  crushing  to  \  inch;  a  gyratory  crusher 
giving  a  maximum  size  of  \  inch;  a  Braim  disk  pulverizer;  a  gaso- 
line stove  for  drying,  and  many  other  accessories.  Power  is  fur- 
nished by  an  AUis-Ohalmers  7.5  horsepower  motor. 

The  assay  shop,  with  almost  1,000  square  feet  of  floor  space, 
contains  a  balance  room,  a  laboratory  for  wet  assays,  and  a  furnace 
room.  In  the  latter  are  a  smelting  and  a  cupelling  furnace,  each 
fired  by  gasoline,  vaporized  under  about  50  pounds  of  air  pressure, 
and  blown  in  through  Gary  hydrocarbon  burners. 

NXTMBEB   AND  COST  OP   ASSAYS. 

The  following  table  gives  some  idea  of  the  number  of  assays  made 
per  month  and  the  cost  of  making  them: 

Co9t  of  gampling  and  auaying  at  Santa  Rita, 


Moath. 


1914 

January 

February... 

Much 

AogiBt 

September.. 


Number 
of  assays. 

Costpcr 
assay. 

liinlng  costs. 

Stripping  costs. 

Labor. 

Supplies. 

Cost  per 
ton. 

Labor. 

Supplies. 

Cost  per 
cubic  yd. 

3,610 

2,V» 

8,001 

a  1,885 

&  1,475 

10.46 
.80 
.66 
.86 
.42 

1610.73 
575.72 
623.36 
370.84 
207.90 

1106.69 

112.60 

151.46 

182:67 

58.03 

10.00366 
.00365 
.00349 
.00454 
.00255 

S8Q2.72 
882.56 
997.96 
408.74 
276.14 

$128.39 

149.88 

103.41 

182.38 

78.74 

I0.00a02 
.00865 
.00345 
.00817 
.00223 

a  66  of  these  assasrs  were  for  gold. 
>  130  of  these  asaays  were  (or  gold. 
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As  is  indicated  by  the  table,  the  figures  cover  ore  and  waste.  The 
ore  assay  costs  are  charged  against  mining,  and  the  costs  of  assaying 
waste  are  charged  against  stripping.  The  cost  of  the  labor  for  assay- 
ing and  sampling  and  the  cost  of  the  supplies  used  in  connection 
with  the  assays  are  kept  separate,  as  they  are  in  all  the  other  accounts.  . 

The  assay  cost  is  distributed  per  ton  according  to  the  tons  of  ore 
mined,  and  per  cubic  yard  according  to  the  cubic  yards  of  waste 
moved,  as  shown  by  the  table. 

The  permanganate  method  is  used  for  prospect  drill  holes  and  for 
car  samples.  The  colorimetric  method  is  used  for  pit  and  shovel 
samples  where  absolute  accuracy  is  not  considered  necessary.  The 
determination  of  iron  in  many  samples  is  made  as  it  is  indicative 
of  the  degree  to  which  the  ore  will  concentrate. 

The  wide  variation  in  the  cost  of  the  assays  is  caused  by  the  wide 
variation  in  the  amount  of  crushing  and  mixing  to  be  done  on  them — 
whether  permanganate  or  colorimetric  determinations  or  fire  assays 
are  made;  the  relative  number  of  each,  and  the  total  number  of  all 
assays  for  the  month;  the  amount  and  cost  of  the  chemicals  used,  ^ 
etc. 

FORMS  USED  IN  ASSAY  SHOP. 

Forms  6  to  9  following  are  used  in  the  assay  shop  and  are  conven- 
ient aids  to  bookkeeping. 

Form  6. — Form  of  general  assay  certificate  issued  by  assayerfi 

ASSAY  CERTIFICATB. 
P«r  ton  of  2,000  Ibf.  Santa  Rita,  N.  Hex., ,101... 


Sample  No. 


i 

OB 


6 
od 


S 

o 


•S 


DeKTiptlon. 


S3 
QQ 


■a 

00 


g 


s. 

o 


o 


I 

o 


.,  AnaytT, 


a  Size  of  form  as  used  by  operating  company,  5^  by  7^  inches. 
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Form  7. — Perm  used  by  assayer  to  report  on  steam-shovel  samples.^ 

8TEAX-BHOVBI.  SAMPLXS— LABO&ATO&Y  BSPOST. 


Sample 
No. 


S.S. 
No. 


Date. 


Shift. 


Cars 
waste. 


Can 
ore. 


Wt.of 
met. 


Wt.of 
pulp. 


%Met. 
Cu. 


% 
Penn. 

Cu. 


%Cu. 
total. 


a  Samples  oousiated  of  a  small  shovelful  taken  ftom  each  steam  shovelful  that  went  onto  a  car.    Samples 
of  Uiii  kmd  are  not  now  uraaUy  takens    Form  used  by  operating  company  is  6  inches  wide  by  9  inches  long. 


FoBic  8. — Form  for  presenting  comparative  data  regarding  steam^shovel  samples.^ 

GOKPAJtATIVl  '^^TZKSST-STEAX-BHOVZL  SAMPLSS. 

Day  Shift ,  191.. 

Btaam  Shorel  Vo 

Ore  body. 

Beiioh. 


Time. 

Pit 
sample 
%Cu. 

Mhiedas— 

Bench  sample- 

Mined  as- 

Ore. 

1 

Waste. 

No. 

%Cu. 

Ore. 

Waste. 

• 

* 

r 

• 

AveRige%Cu. 
1  Caraample%Cu. 
1   Car  sample  %  Cu. 

Ore  shipped  to  mill. 

SPECIAL  PIT  SAMPLES. 


t     a 

1  Time. 

Taken  from. 

Ore 
%Cu, 

Waste 
%Cu. 

Remarks: 

! 

o  Only  one  form  is  shown;  the  record  used  by  the  operating  company  has  five  of  these  forms  (3f  by  8} 
inchaB)  on  a  sheet,  the  sheet  with  margins  being  10  by  20^  inches.  Each  sheet,  bound  through  two  holes 
in  the  left  margin,  is  kept  in  a  heavy  binder. 
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Form  9. — Form  u»ed  in  making  daily  report  on  mine  sampUs.^ 

DAILY  RSPORT  09  MIR  SAMPUBB. 


* 

■  •  •  •  • 

•  •  ■  * 

■  •  •  • 

W-.-- 

Mine  sample 

Description. 

Per  cent  copper.      ^ 

RemaHce. 

mimber. 

Mine. 

Level. 

Woridng. 

Pulp. 

Met. 

Total. 

• 

• 

o  Size  of  form  used  by  operating  company,  8^  inches  wide  by  10}  inches  long. 
METHOD  OF   SAMPLING   OLD  DUMPS. 

Sampling  on  the  present  property,  on  an  extensive  scale,  was  first 
begun  by  Mr.  John  M.  Sully,  in  1906.  In  gathering  samples  from  the 
large  dumps  left  from  many  thousands  of  feet  of  old  workings,  he  used 
the  following  method: 

The  dumps  were  laid  off  into  25-foot  squares,  with  levels  run  to  the 
comers  of  each  square,  to  determine  its  elevation.  The  contour  of 
the  ground  on  which  the  dmnp  rested  was  estimated  as  nearly  as  pos- 
sible, from  the  general  surface  configuration  of  the  land.  From  the 
surface  elevation  and  the  probable  elevation  of  the  bottom  of  the 
dump,  the  yardage  in  each  square  prism  was  estimated.  Each  Square, 
as  laid  off  on  the  dump  surface,  was  given  a  number,  and  about  4 
holes  were  dug  into  it,  as  deep  as  could  be  conveniently  made  with  a 
long-handled  shovel.  Every  second  shovelful  was  retained;  the 
sample  thus  gathered  was  rolled  and  quartered  on  a  canvas  and  put 
into  a  tagged  canvas  sack.  Mr.  Sully  gathered  1,143  samples  from 
the  old  diunps,  and  a  total  of  8,190  from  the  dmnps  and  the  old 
workings. 

DETAILS  OF  MINING  IN  SANTA  BITA  DISTRICT. 

GENEBAL  OBOANIZATION  OF  OPEBATXNG  COHPANY. 

In  opening  an  open-cut  mine  on  an  extensive  scale,  the  initial  cost 
is  heavy.  The  equipment  necessary  is  expensive,  including  steam 
shovels,  locomotives,  and  cars,  and  railroad  track  and  a  water-supply 
system  must  be  constructed,  to  say  nothing  of  the  concentrating  plant 
to  handle  vast  tonnages  of  ore,  the  power  plant  to  furnish  the  motive 
force,  and  the  machine  and  other  shops  to  keep  the  whole  vast  plant 
in  repair. 
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Any  large  and  successful  organization  is  developed  slowly.  The 
factor  that  wins  in  business  or  in  sport  is  practically  always  well- 
organized  "team  work,"  or  efficiency  of  production.  If  a  mistake 
occurs  the  organization  must  be  such  that  the  responsibility  for  the 
mistake  can  be  traced  to  its  source  at  once,  and  the  right  remedy 
be  quickly  applied  in  the  right  place.  The  management  of  the  Chino 
company  has  been  successful  in  building  up  an  efficient  and  loyal 
organization,  one  illustrating  the  benefits  that  may  be  derived  from 
the  application  of  science  and  of  business  methods  to  the  solution  of 
mining  problems.  The  company's  organization  chart,  or  *'flow 
sheet''  of  responsibility,  as  worked  out  by  Mr.  L.  E.  Foster,  the 
assistant  superintendent,  is  shown  in  Plate  IV. 

lONING  AND  ESTIMATION  OF  OBE  BY  BENCHES. 

In  stripping  and  mining,  each  steam  shovel  took  off  a  slice  of 
ground  about  25  feet  wide,  and  as  the  work  progressed  terraces  or 
benches  100  feet  or  more  wide  were  formed  around  the  sides  of  the 
great  open  cuts  (PL  V,  A).  It  was  found  that  where  the  bench  was 
less  than  30  feet  high,  the  material  could  not  be  excavated_^as  eco- 
nomically as  where  it  was,  say,  50  feet  or  more  high. 

There  were  three  chief  factors  that  regulated  the  height  of  each 
bench:  (1)  If  a  bank  stood  fairly  steep  for  some  time  and  then 
caved,  it  was  found  best  to  have  the  bench  not  more  than  30  feet 
high.  The  caving  of  30-foot  banks  caused  little  delay  or  damage  to 
the  shovels  working  below  them,  whereas  the  caving  of  higher  banks 
often  caused  serious  trouble.  Where  a  bank  caved  slowly  and  kept 
gradually  coming  to  the  shovel  at  about  the  same  general  slope,  it 
could  be  worked  in  benches  of  100  feet  or  more  if  necessary.  (2)  If 
the  waste  material  on  top  of  the  ore  was,  say,  only  15  feet  thick,  then, 
of  course,  the  bench  at  that  place  was  only  15  feet  high.  On  the  other 
hand,  if  the  overburden  was  only,  say,  1  or  2  feet  thick,  it  was  prob- 
ably fotmd  cheaper  to  let  it  go  in  with  the  ore  without  stripping. 
(3)  Where  the  drill  holes  indicated  considerable  relatively  barren 
rock  between  upper  and  lower  ore  masses,  then,  as  far  as  possible,  the 
benches  were  planned  so  that  the  top  ore  was  taken  off  the  waste 
rock  in  one  cut  or  bench,  and  the^aste  rock  off  the  lower  ore  in  the 
second  bench,  and  the  lower  ore  was  taken  out  clean  in  a  third  bench. 
If  the  ore  bodies  and  waste  mass  were  thick  enough,  they  were  gener- 
ally taken  out  in  two  or  more  separate  benches.  Barren  areas  of  con- 
siderable size  were  also  considered  in  planning  the  benches. 

In  other  words,  benches  and  tracks  were  planned  (see  PI.  Ill)  to 
conform,  as  nearly  as  practicable,  to  the  shape  of  the  ore  body,  so  that 
ore  could  be  separated  from  waste  and  mined  as  economically  as 
possible.  In  general,  however,  it  was  found  best  to  have  the  benches 
about  50  feet  apart;  that  is,  one  bench  about  60  feet  above  the  other. 
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The  different  classes  of  ore  and  the  waste  were  calculated  for. each 
level,  or  bench,  in  order  to  have  convenient  information  as  to  just 
what  production  should  be  expected  from  each. 

Tables  were  ako  made  to  show  the  ore  tonnage  by  benches;  that 
is,  the  tonnage  of  the  first  bench  plus  the  tonnage  of  the  third  bench, 
etc.  Such  tables  permit  convenient  comparison  of  what  has  been 
taken  out  from  the  different  benches  plus  the  material  calculated  to 
remain  with  the  total  ore  for  each  bench,  etc.  These  bench  calcula- 
tions were  made  from  the  same  data  and  by  the  ^ame  general  method 
as  the  triangular-prism  estimates.  Summing  up  the  ore  classes,  cal- 
culated by  benches,  served  as  a  sort  of  check  on  the  other  calculations 
of  total  ore. 

BLAST-HOLE  DRILLING. 

The  blast-hole  drilling  at  Santa  Eita  aggregates  several  linear 
miles  per  month.  Most  of  it  is  done  by  chum  drills.  However,  toe 
holes  at  the  foot  of  slopes  are  locally  necessary,  and  these,  together 
with  the  shallow,  levelling-off  bottom  holes  occasionally  needed  in 
front  of  steam  shovels,  are  put  down  with  compressfed-air  tripod 
drills.  Small  hammer  drills  have  been  used,  to  some  extent,  for 
drilling  short  holes  to  blast  bowlders  too  large  for  the  steam  shovels 
to  handle.  However,  their  use  has  been  practically  discontinued, 
because  it  is  generally  cheaper  to  use  more  powder  and  to  "dobe"  or 
*  'bulldoze  '^  the  rock  than  to  keep  a  shovel  idle  while  it  is  being  drilled. 

TYPES   OP  CHURN  DRILLS   USED. 

The  types  of  chum  drill  mostly  used  at  Santa  Rita  are  the  No.  12 
and  the  No.  14  Cyclone  drills  for  big  blast  holes.  They  are  fitted 
with  Cook  12-horsepower  vertical  gasoline  motors,  have  traction 
gearing,  and  use  4-inch  to  8-inch  bits.  Gas-engine  oil,  instead  of 
gasoUne,  is  used,  and  the  consumption  averages  about  6^  gallons  per 
10-hour  shift.  The  speed  of  drilling  varies  widely  with  variation  in 
the  hardness  of  the  rock;  however,  the  general  average  for  blast  holes 
not  more  than  65  feet  deep  is  said  to  be  about  20  to  30  feet  per 
10-hour  shift.  The  crew  of  each  machine  consists  of  a  driller  and 
a  helper;  these  two  men  can  move  the  drill,  even  over  rough  ground, 
by  turning  on  the  traction  gearing. 

Each  drill  is  fitted  with  equipment  that  enables  the  driller  to 
sharpen  his  own  bits.  In  general,  the  rock  is  soft  enough  so  that 
one  to  two  sharpenings  per  shift  suffice.  The  blast  holes  are  sampled 
if  special  information  from  particular  localities  is  needed. 

A  few  of  the  older  steam-driven  chum  drilb  are  now  operated  by 
air,  piped  from  the  compressor.  In  general,  they  are  not  as  satis- 
factory as  the  oil-motor  machines.  There  have  been  as  jnany  as  18 
chum  drills,  both  prospect  and  blast-hole,  at  work  on  the  property 
at  the  same  time. 


ORGANIZATION  CHART  OF  THE  CHINO  COPPER  C 


A  BENCH  OR  TERRACE  OF  ORE,  SHOWING  METHOD  OF  MINING. 


STACKS  TO  PREVENT  SPONTANEOUS 


DETAILS   OF    MINING    IN    SANTA    RITA    DISTRICT. 


43 


The  hydrothermally  altered  •and  considerably  sheared  character 
of  the  ore-containing  rock  facilitates  the  use  of  chum  drills  and  is 
favorable  for  low  drilling  costs.  Little  trouble  is  encountered  in 
putting  down  blast  holes.  Even  in  cutting  across  sloping  sheared 
zones,  a  little  care  generally  guards  against  much  deviation  from  the 
vertical. 


OPERATION   AND   EFFICIENCY  OF   BLASl^HOLE   CHURN   DRILLS. 

Cyclone  chum  drills,  models  Nos.  12  and  14  for  deep  blast  holes, 
are  used  to  put  down  blast  holes.  Records  of  the  performance  of 
these  are  kept  and  constitute  valuable  information  on  the  efficiency 
of  chum  drilling  in  general.  Records  for  two  typical  months, 
January  and  August,  1914,  are  given  below: 

Record  of  blast-hole  chum  drilling  for  January ,  1914. 

DAY  SHIFT. 


DrfllNo. 

Feet 
drilled. 

Total 

working 

hours. 

Average 

feet 

per 

hour. 

Time 
spent 
In 
drilling.  ^ 

Time 
delayed. 

Time 

spent  in 

repair- 

mg. 

Average 
feet  per 
hour  of 
drilling. 

I 

630 
876 

1,235 
974 

1,212 
941 
924 
952 

280 
310 
327 
310 
310 
322 
311 
310 

2.35 
2.83 
3.78 
3.14 
3.91 
2.92 
2.97 
3.07 

Percent. 

72.8 
61.9 
84.1 
75.2 
86.8 
73.9 
78.5 
79.0 

Percent. 
19.3 
25.2 
11.9 
16.1 
8.4 
15.8 
17.0 
20.0 

Percent. 
7.9 

12.9 
4.0 
8.7 
4.8 

10.3 
4.5 
1.0 

3.09 

2 : 

4.56 

10 

4.49 

11 

4.13 

12 

4.51 

13 

3.95 

14 

3.79 

15 

3.88 

NIOHT  SHIFT. 


1 1  670 

2 1,144 

10 1,272 

11 928 

12 1,244 

13 1,000 

14 953 

15 1  1,151 


260 

2.58 

86.5 

13.1 

0.4 

286 

3.84 

84.2 

13.8 

2.0 

321 

3.95 

88.2 

7.8 

4.0 

266 

3.49 

89.9 

8.6 

1.5 

290 

4.29 

98.0 

1.7 

.3 

329 

3.04 

83.6 

15.8 

.6 

275 
•  310 

3.47 
3.71 

90.5 
90.3 

9.5 
9.4 

.3 

2.98 
4.56 
4.50 
8.88 
4.38 
8.64 
3.83 
4.12 


TOTAL. 


1 

1,300 
2,020 
2,507 
1,902 
2,456 
1,941 
1,877 
2,103 

540 
606 
648 
576 
600 
651 
586 
620 

2.41 
3.32 
3.87 
3.30 
4.09 
2.98 
3.20 
3.39 

79.4 
72.8 
86.1 
81.9 
92.2 
78.8 
84.1 
84.7 

16.3 
19.6 

9.9 
12.7 

5.1 
15.8 
13.5 
14.7 

4.3 
7.6 
4.0 
5.4 
2.7 
5.4 
2.4 
.6 

3.03 

2i 

4.56 

10 

4.40 

11 

4.08 

12 

4.44 

13 

3.78 

14 

3.81 

15 

4.01 

Totel  for  month 

16,106 

4,829 

3.34 

82.5 

13.4 

4.1 

4.04 

43503**— BulL  107—16- 
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Record  of  blast-hole  chum  drilling  for  August^  1914. 

DAY  SHIFT. 


1.. 
2.. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 


DrfllNo. 


Feet 
driUed. 


725 

1,073 

1.049 

1,0K2 

788 

814 

383 

963 

988 


Total 

working 

hours. 


Average 
feet 

per 
hour. 


186 
235 
244 
256 
187 
232 
1S5 
246 
246 


3.90 
4.57 
4.30 
4.23 
4.22 
3.51 
2.07 
3.91 
4.02 


Time 

spent 

in 

driUing. 


3 

.8 


Per  cent. 
95.2 
95. 
91. 
92.6 
89.8 
83.2 
75.1 
86.6 
94.3 


Time 

Time 

spent  in 

delayed. 

repair- 

ing. 

Percent. 

Percent. 

4.8 

*       4.7 

2.0 

6.2 

4.7 

2.7 

7.0 

3.2 

2.1 

14.7 

18.4 

6.5 

8.5 

4.9 

2.0 

3.7 

TOTAL. 


1 

3 

10 

11 

12 

13 

14 

15 

10 

Total  for  month 


725 

186 

3.90 

95.2 

1,198 

265 

4.52 

95.8 

1,526 

373 

4.09 

93.8 

1,164 

295 

3.95 

90.1 

970. 

231 

4.20 

90.0 

1,118 

313 

3.57 

86.2 

458 

224 

2.04 

74.0 

963 

246 

3.91 

86.6 

1.340 

340 

3.94 

94.6 

9,489 

1 

2,473 

3.84 

90.0 

Average 
feet  per 
hour  of 
drilling. 


4.00 
4.79 
4.68 
4.5« 
4.09 
4.22 
2.75 
4.52 
4.26 


■ 

NIGHT  SHIFT. 

1 

■ 

2 

125 

477 

82 

182 

304 

75 

30 

129 

39 

44 

81 
39 

4.17 
3.76 
2.10 
4.14 
3.75 
1.92 

100.0 
97.7 
74.3 
91.0 
95.1 
60.2 

4.17 

10 

0.8 

23.1 

4.5 

4.9 

28.2 

1.5 
2.6 
4.5 

■    3.79 

11 

2.83 

12 

4.50 

13 

3.95 

14 

2.0' 

2.78 

15 

10 

352 

94 

3.74 

95.7 

4.3 

3.92 

4.8 

4.2 

1.0 

•       4.0 

7.2 

2.7 

n 

3.5 

10.9 

20.2 

5.8 

8.5 

4.9 

2.7 

2.7 

5.9 

4.1 

4.09 
4.72 
4.36 
4.38 
4.67 
4.14 
3.76 
4.52 
4.16 


4.26 


COSTS  OF   BLAST-HOLE   CHURN   DRILLING. 

The  cost  of  driUing  blast  holes  with  chum  drills  are  fairly  well 
illustrated  by  the  figures  for  the  representative  months  of  January 
and  August y  1914,  as  given  in  the  tabulation  following: 

Record  of  costs  of  blast-hole  chum  drilling. 

AUGUST,  1914. 


Chum  drill  No. 


1 

3 

Total  for  steam  drills  using  air 

10 

11 

13 

13 

14 

15 

16...« 

Total  for  gasoline  drills 

Total  for  all  chum  driUs 


Cost  of 
.    labor. 

r 

Cost  of 
supplies. 

Total. 

Feet 
drilled. 

Costper 
fooC 

S229.43 
311.52 

$73.36 
76.49 

S302.79 
388.01 

725 
1,198 

10. 4176 
.3239 

540.95 

149.85 

600.80 

1,923 

.3592 

383.42 
317.99 
302.49 
361.37 
274.08 
261.02 
377.13 

58.25 
100.68 

89.93 
147.90 
106.00 

34.17 

70.19 

441.07 
418.07 
392.42 
509.27 
380.08 
295.19 
447.32 

1,520 

1,104 
970 

1,118 
458 
903 

1,340 

.2!m 
.3597 
.4040 
.4555 
.8299 
.3005 
.3338 

2,277.50 
2,818.45 

607.12 
756.97 

2,884.02 
8,575.42 

7,539 
9,402 

.3820 
.3779 
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Record  of  coUs  of  hlatt-hole  ckum  (HZh'n^^— Continued. 

JANUARY,  1«H. 


Chum  drill  No. 


I 

2 

Total  for  steam  drills  using  air 

10 ( -. 

11 r 

U 

\z 

M 

15 

Total  for  gasoline  drills 

Total  for  all  cbnm  drills 


Cost  of 
•labor. 


1505.60 
637.00 


1,233.40 


068.24 
504.80 
632.02 
653.24 
607.87 
618.07 


3,765.23 
4,008.72 


Cost  Of 
supplies. 


Total. 


1183.40 
103.08 


376.48 


105.21 
242.66 
176.02 
100.00 
135.12 
244.88 


1,185.78 
1,562.26 


S.778.00 
830.08 


1,600.07 


Feet 
drilled. 


1,300 
2,020 


3,320 


863.45 
837.55 
708.04 
844.23 
742.00 
863.85 


4,051.01 
6,560.08 


2,607 
1,002 
2,456 
1,041 
1,877 
2,103 


12,786 
16,106 


Cost  per 
foot. 


IO.iS00 
.411 


.485 


.344 
.440 
.325 
.435 
.396 
.411 


.387 
.407 


The  total  cost  of  drilling  per  ton  of  ore  mined  is  about  1  cent;  and 
per  cubic  yard  of  material  stripped,  about  1.3  cents.  The  reasons  for 
the  cost  per  foot  of  blast-hole  drilling  being  so  much  less  than  the 
cost  of  prospect  drilling  (p.  14)  are  that  the  prospect  holes  were 
larger  and  averaged  eight  to  ten  times  as  deep  as  those  for  blasting; 
also  the  cost  of  sampling  was  included  in  the  prospect^hole  costs. 

TYPES  OP  TRIPOD  DRILLS  USED. 

Two  typea  of  tripod  drill,  the  Sullivan  and  the  Ingersoll-Rand,  are 
used  where  the  rock  is  hard  enough  so  that  toe  and  shallow  bottom 
holes  are  necessary.  Both  these  makes,  having  3i-inch  and  3f-inch 
cylinders,  were  satisfactory.  They  are  operated  by  air  under  about 
a  90-pound  pressure,  piped  from  the  central  compressor  plant.  The 
steel  used  is  mostly  of  the  l^-inch  crescent  brand.  It  is  sharpened 
by  a  No.  3  Leyner  drill-sharpening  machine.  Machine-sharpened 
drills  have  given  better  service  at  a  smaller  cost  than  was  obtained 
from  hand-sharpened  drills. 

COSTS   OF  DRILLING  BLAST  HOLES   BT  AIR  DRILLS. 

During  January,  1914,  air-driven  tripod  drills  drilled  9,875  linear 
feet  of  holes  at  a  cost  of  46 J  cents  per  foot;  during  August  they  made 
6,951  feet  of  holes  at  the  rate  of  32^  cents  per  foot.  This  great  dif- 
ference in  rate  of  cost  seems  to  be  due  to  greater  ease  of  drilling  dur- 
ing August. 

USE  OF  HAMMER  DRILLS. 

Where  bowlders,  too  large  to  be  handled  by  a  steam  shovel,  remain 
after  a  bench  blast,  and  where  loading  will  not  be  too  much  impeded 
by  drilling,  or  "block  holing,"  instead  of  by"dobe"  blasting,  the 
"block  holing"  is  done  by  small  air  hammer  drills  of  the  Sullivan 
D.  C,  19  type,  using  2-inch  bits.  Air  is  supplied  to  them  through 
flexible  armored  hose  from  a  supply  line  running  along  the  top  of 
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the  cuts.  The  exhaust  from  the  machme  passes  out  through  a  hole 
in  the  bit,  thereby  automatically  cleaning  the  hole  of  cuttings.  From 
li  to  3  inches  of  hole  can  be  drilled  per  minute  with  this  machino, 
and  it  can  be  operated  by  one  man.  The  operator  is  paid  $3.75  per 
day.  >  Only  one  of  these  drills  was  in  use  at  the  time  the  mine  was 
visited,  because  it  had  been  found  that  "dobo''  blasting  of  bowlders 
could  be  done  more  quickly  and  interfered  less  with  loading  opera- 
tions, and  hence,  in  the  long  nm,  was  more  economical. 

BLASTXNG. 

The  object  of  blasting  in  metal  mines  where  there  are  rich  brittle 
sulphides  and  carbonates  is  generally,  as  in  coal  mines  and  quarries, 
to  break  material  loose  from  the  main  mass  without  pulverizing  it 
greatly.  On  the  other  hand,  if  the  broken  rock  is  subsequently  to 
be  crushed  for  recovery  of  its  values  or  for  engineering  operations 
the  aim  then  is  that  the  blasting  shall  break  the  rock  loose  and  at 
the  same  time  pulverize  it  as  much  as  is  possible,  consistent  with  the 
efficient  use  of  explosives.  At  Santa  Rita,  of  course,  the  aim  in  blast- 
ing the  ore-bearing  rock  is  to  pulverize  it.  Any  fragments  of  broken 
rock  that  remain  too  large  to  enter  a  3-yard  steam-shovel  dipper 
have  to  be  broken  by  secondary  blasting  at  considerable  extra  cost. 

EXPLOSIVES   USED. 

In  breaking  the  >ock  in  a  safe  and  efficient  manner  the  following 
kinds  of  explosives  are  those  most  extensively  used: 
(a)  Dupont  FF  and  FFF  black  blasting  powder. 
(6)  Dupont  quarry  powder. 

(c)  Dupont  Repaimo  low-freezing  dynamite,  30,  40,  and  60  per 
cent  strengths. 

(d)  Trojan  powder  No.  2  in  bags,  and  40  per  cent  strength,  in  sticks. 
Black  powder  is  used  for  breakiag  and  loosening  up  soil,  hardpan, 

or  soft  rock;  and  quarry  powder,  instead  of  the  40  per  cent  dynamite, 
is  used  for  soft  or  fissured  rock.  Repauno  40  per  cent  strength  low- 
freezing  dynamite  is  used  to  spring  holes  for  primers  and  to  blast 
holes  that  contain  water;  it  is  also  used  for  holes  in  medium  hard 
rock,  and  for  "tight  holes''  in  broken  formations.  For  "dobe" 
shots  40  per  cent  Repauno  dynamite  is  used  almost  exclusively. 
Repauno  60  per  cent  strength  dynamite  is  used  only  in  the  hardest 
rock  formations.  Trojan  powder,  packed  in  12i-pound  waterproof 
paper  bags,  four  bags  to  the  box,  is  used  most  in  medium  hard  or 
broken  rock.  This  powder  is  imderstood  by  miners  to  be  of  equal 
strength  to  40  per  cent  dynamite,  but  on  account  of  its  loose,  granu- 
lated form  it  fills  in  the  cracks  and  crevices  in  broken  formations, 
thus  excluding  air  spaces  and  increasing  the  blasting  efficiency. 
Trojan  sticks  are  also  used  for  "springing"  or  chambering  wet  holes. 
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Detonation  by  fuse  and  detonator  is  used  for  springing  holes  and 
for  "  dobe  "  or  "  bulldoze  "  blasting.  All  the  heavy  bank-hole  blasting 
and  some  of  the  heavy  springing  charges  are  detonated  with  electric 
detonators.  The  brands  of  fuse  used  are  "Sylvanite"  and  "Cactus." 
Sylvanite  is  an  asphaltum-covered,  triple-wound,  cord  fuse,  which 
has  a  buming^rate  of  16  inches  per  minute.  Cactus  is  a  triple-wound 
cord  fuse,  with  a  white  clay-compound  waterproof  covering.  It  has 
a  bumhig  rate  of  about  20  inches  per  minute,  and  on  account  of  its 
white  color  is  generally  used  for  night  work.  No.  7  detonators  are 
used  with  these  fuses.  Where 
the  detonation  is  by  electric  cur-     mm^^.mmm(^^^^m^ 

rent,  No.  7  electric  detonators 
are  used. 


e- 


o 
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STORAGE  AND  HANDLING  OF  EX- 
PLOSIVES. 

The  main  magazines  have  each 
a  capacity  of  about  130  tons. 
Each  is  formed  by  a  drift  into 
the  hillside  so  that  a  chamber 
about  30  by  25  feet,  and  8  feet 
high,  is  cut  into  the  soUd  rock 
(fig.  5).  Each  chamber  is  se- 
cured by  double  sets  of  timbers, 
with  stulls  or  legs  set  about  5 
feet  apart,  and  with  the  roof  and 
sides  lagged.  From  the  en- 
trance to  the  back  wall  a  5-foot 
passageway  is  kept  clear.    The 

explosives     are    segregated     ac-    ^o^R"  S.— Plan  of  typical  underground  explosives 
,.         .      1  •     1  1  -11*  magazine  in  Santa  Rita  district. 

cording  to  kind  and  are  piled  m 

tiers  in  the  chamber.  These  imderground  magazines  afford  safety 
agaiost  stray  bullets,  etc.,  and  give  what  is  necessary  in  the  storing  of 
explosives — a  comparatively  even  temperature  that  remains  above 
freezing  during  summer  and  winter.  The  floor  of  each  of  these  cham- 
bers is  covered  with  several  inches  of  mUl  tailings.  Thus  a  soft 
smooth  surface,  which  acts  as  a  cushion  to  the  cases  of  explosives,  is 
insured. 

The  magazines  have  to  be  kept  well  ventilated  in  order  that  they 
may  not  become  overheated  in  summer  and  that  gases  from  the 
stored  materials  may  not  accumulate  in  them.  To  this  end,  a  6-inch 
chum-drill  hole  connects  the  inner  part  of  the  passage  in  each  maga^ 
zine  with  the  surface  (fig.  5).  These  bore  holes  are  protected  on  the 
surface  with  hooded  stacks  about  12  feet  high,  the  upper  3  feet  of 
which  are  perforated. 
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The  entrance  to  the  magazines  is  guarded  by  two  double-planked, 
steel-faced,  swinging  doors,  one  about  6  feet  inside  the  other.  The 
outside  door  is  perforated  in  the  upper  half,  and  the  inside  one  in  the 
lower  half,  for  the  admission  of  air  (PL  VI,  A). 

From  the  magazines  the  explosives  are  distributed  by  wagons  to 
several  small  portable  powder  stations.  There  are  two  of  these  sta- 
tions to  every  steam  shovel — one  for  the  high  explosives  and  one  for 
black  powder — so  they  are  known  as  shovel  powder  houses.  They  con- 
sist of  skeleton  frames,  made  of  2i-inch  by  2^inch  material,  7  by  4 
feet  by  4^  feet  high,  and  covered  with  corrugated  sheet  iron.  Each  of 
these  httle  houses  has  a  capacity  of  3,500  pounds  of  high  explosives, 
or  4,000  pounds  of  black  powder.  However,  they  seldom  contain 
more  than  a  wagon-load — 2,000  to  3,000  pounds.  Carrying  handles, 
consisting  of  scantlings  2  by  4  inches  in  size,  are'  nailed  to  the  sides. 

When  black  powder  is  needed  in  large  quantities  at  any  point,  a 
sled  with  a  pointed  corrugated  sheet-iron  roof  and  drawn  by  a  team 
of  horses,  is  used  to  transport  it  from  the  shovel  powder  house  to  the 
place  of  use. 

Little  trouble  is  experienced  from  the  freezing  of  explosives, 
as  the  operating  company  generally  buys  only  the  low-freezing  or 
nonfreezing  brands,  and  as  the  magazine  temperature  is  always  above 
freezing.  During  exceptionally  cold  weather  hot-water  thawing 
chambers  are  used  and  then  the  "powder"  has  to  be  carried  a  con- 
siderable distance  from  the  magazines. 

"springing"    or  chambering  HOLES. 

Before  the  drill  holes  are  loaded  and  blasted,  one  or  more  small 
charges  are  exploded  in  the  bottom  of  each,  to  make  an  enlarged 
chamber  for  the  final  charge.  This  is  known  as  "springing"  or 
chambering  the  holes.  The  aim  is  to  make  so  large  a  chamber  at  the 
bottom  of  the  hole  that  the  charge  may  be  concentrated  into  so 
compact  a  mass  that  none  of  it  will  fail  to  detonate,  and  that  the 
explosive  energy  may  be  concentrated  where  it  will  give  the  maximum 
effect.  The  springing  eliminates  any  water  that  may  be  in  the  hole, 
but  it  generally  increases  the  habihty  of  an  inflow  of  water  by  shatter- 
ing and  Assuring  the  surrounding  rock.  If  granulated  powder  can  be 
forced  into  these  fissured  places  the  effectiveness  of  the  blast  is 
greatly  increased. 

Where  the  rock  to  be  broken  is  relatively  soft  and  weak,  and  the 
drill  holes  not  more  than,  say,  30  feet  deep  and  not  over  a  third  of 
that  distance  back  from  the  face  of  a  steam-shovel  cut,  one  "spring- 
ing" is  usually  all  that  is  necessary.  Where  the  rock  is  hard  and 
tough,  or  where  the  holes  are  very  deep,  as  many  as  four  successive 
springing  charges  may  be  required  before  a  chamber  large  enough  for 
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the  final    blastiBg    charge  is    made. 
After  each  sacoessiTe  "Bprmging"  the 
hole  must  be  cooled  off,  generally  with 
irater,  before  another  charge  is  intro-     *""*"■ 
duced. 

The  following  are  average  chains 
for  each  successive  "springing,"  in 
medium-hard  rock: 


HiringtogNo. 

Bukholn. 

To«hotos.         1 

Nombw 

-ssr- 

Nnmbtr 

DWd. 

1 

K 

1 

> 

For  "springing"  holes  40  per  cent 
strength  dynamite  or  other  high  explo- 
sive, out  into  quarter  or  third  sticks, 
is  generally  used.  It  is  detonated  with 
a  No.  7  detonator  crimped  onto  24 
inches  of  fuse. 

Both  before  and  after  "springing" 
the  drill  boles  are  sounded  by  a  spe- 
cially constructed  plummet — a  billet 
of  hardwood  about  30  inches  long  and 
having  a  metal  weight  in  the  lower 
end.  This  sounding  apparatus,  known 
as  a  "springing  gage"  (fig.  6),  is  at- 
tached to  a  rdpe  and  lowered  into  the 
hole.  By  tilting  the  upper  end  of  it 
from  side  to  side  while  the  lower 
end  rests  on  the  bottom  (fig.  7)  the 
experienced  chargeman  can  estimate 
the  size  of  the  hole.  With  tins  g^e 
he  also  measures  the  depth  of  water 
in  the  hole.  A  small  hand  mirror 
is  at  times  very  useful  for  reflecting 
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l^ht  into  the  hole,  thus  enabling  inspection  of  the  upper  10  to 
30  feet. 

The  procedure  in  "Bpringing"  holes  is  somewhat  as  follows:  The 
chargeman  lowers  the  Bpringing  gage  into  the  hole  and  notes  its  size 
and  depth,  the  depth  of  water,  eto.  He  then  drops  in  the  springing 
charge,  and  again  lowers  the  g^e  to  determine  whether  the  charge 
has  reached  the  bottom.  A  fuse,  passed  diagonallj  through  a  stick 
of  dynamite  about  2  inches  from  one  end,  extends  along  the  side  of 
the  stick  to  the  other  end,  into  which  the  end  containing  the  deto* 
nator  is  inserted  about  2i  inches  (fig.  8,  A)."  This  stick  of  dyna- 
mite, with  cap  and  fuse  attached,  is  called  a  "primer."  The  fuse  is 
then  lighted  and  the  primer  \a  dropped  or  lowered  into  the  charged 


FioDBE  B.— ArTaDgenumt  of  fuses  for  dlffuant 
p[Im«n.  A,  CordetODBtloiiwlih  fun.uprao- 
licsd  In  BanU  KiU  district;  B,  (arfllgctrInU 
datonBticm,  single  primer;  Cr  lor  electrleal 
detonatioD,  doubia  pHmer. 


hole,  followed  by  a  hurried  lowering  of  the  gage  to  show  whether  the 
primer  has  reached  the  bottom.  After  this  2  to  4  gallons  of  water 
is  poured  in  as  "stenmiing,"  the' gage  is  quickly  withdrawn,  and  the 
chargeman  retreats  to  a  safe  distance.  After  the  detonation,  the 
g^e  is  again  lowered  and  the  size  of  the  chamber  estimated.  If  nec- 
essary other  "springing"  charges  are  used,  each  about  twice  as  large 
as  the  preceding  one,  until  the  hole  is  sufficiently  widened  or  cham- 
bered out  at  the  base  to  receive  a  proper  blasting  charge  (fig.  9), 
For  the  third  "springing,"  where  the  holes  are  over  30  feet  deep,  and 
often  for  the  second  "springing,"  if  much  water  is  present,  electric 
detonation  is  used  (fig.  8,  B  and  C).  Where  there  are  sereral  holes 
to  be  fired  simultaneously  electricity  is  employed  instead  of  fu.se. 

>  The  Bunan  of  Mines  (toes  iMt  nrommencl  thelBMneoCa  fuse  throu^  a  primer. 
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The  lead  vires  or  detonating  wires  are  connected  in  series  and  the 
detonators  tested  with  a  galvanometer.  The  lead  wires  are  then  con- 
nected with  a  battery  and  the  chaises  are  fired  (PL  VI,  B). 

CHABGINO  and  FIBINQ. 

The  blasting  squad  usually  consists  of  a  chaise  man  or  powder  man 
and  four  helpers.  The  charge  man  places  all  explosives  in  the  drill 
holes,  except  in  the  "springing"  of  short  holes,  when  the  work  may 


-"Springing  "  rtiargea  in  b&nlt  bolw  In  drj  Mil  or  arfl  roclc.    Water  Blenunlng  only.    A,  charga 
fflnt "springing";  B,  charge  tor  BBcood  "springing";  C.chttrgBlOrUiljd  •'springing,'' 

be  done  by  the  assistant  chaise  man.  The  helpers  carry  the  explo- 
sives and  accessories  to  the  charge  man  while  he  is  gaging  the  hole 
and  charging  it. 

The  amount  of  the  charge  for  each  hole  vanes  according  to  the 
toughness  of  the  rock,  the  position  of  the  hole  with  relation  to  the 
face  and  to  other  holes,  and  its  depth  and  extent  of  chambering. 
The  drill  holes  to  be  blasted  are  "bank  holes" — those  drilled  verti- 
cally on  each  bench  and  situated  back  approximatoly  one-third  of 
their  depth  from  the  edge  of  the  bench — and  "toe  holes" — those 
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driven  into  the  face  of  the  bench,  say,  4  to  6  feet  above  the  shovel 
level  at  the  foot  of  the  bench.  The  toe  holes  are  driven  with  a  down- 
ward slope  of  20®  to  30®  below  the  horizontal. 

Average  charges  for  bank  holes  in  medium-hard  rock  are  about  as 
follows: 

Average  charges  for  bank  holes  in  medium-hard  rock. 


m 

Depth  of 
hole. 

Sticks  of 
dynamite 
in  primer. 

Chaise. 

40  per  cent 

strength 

dynamite. 

Trojan 
powder 
No.  2  (gran- 
ulated). 

Stemming. 

Feet. 
28 
40 
60 
70 

land  2 

land  2 

land  2 

3 

2 

Pounde. 
138 

PoundM. 
100 
367 
200 
550 

Feet. 
24 
86 
40 
60 
30 

170 

&375 

o  Driven  into  soil. 
f>  FF  black  powder. 


Average  toe-hole  charges  for  medium-hard  rock  are: 

Average  toe-hole  charges  for  Trvediumrhard  rock. 


Depth  of 
hole. 

Number  of 

sticks  of 

d3rnamite 

in  primer. 

Charge. 

40  per  cent 

strength 

dynamite. 

Stenuning. 

Feet. 
8 
18 

PouTtds. 

1              12.5 

1  and  2              60. 0 

Feet. 
4to  6    ' 
12  to  14 

The  following  are  average  mixed  charges  from  a  number  of  observa- 
tions: 

Average  mixed  charges. 
BANK  HOLES. 


Depth  of 
holes. 

Quantity 

of  mixed 

charge. 

Charge 
per  foot 
of  hole. 

1 
Feet.          Pounds. 
28                188 
40                 267 
50                 369 
«50              6375 
70                 550 

Pounds. 
6.72 
6.68 
7.38 
7.50 
7.86 

XOE  HOLES. 


8 
18 

12.5 
60.0 

Cl.56 
3.33 

o  In  soil  and  soft  rock. 

6  Black  powder. 

c  Holes  not  chambered. 
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When  the  holes  are  suffidently  chambered  or  sprung  and  are 
ready  for  loading,  an  electric-detonator  primer,  prepared  as  shown  in 
figure  8,  C,  is  carefully  lowered  to  the  bottom  of  the  hole.     The  first 
part  of  the  charge,  varyiiig  from  100  to  300  pounds,  is  dropped  in 
after  it.    Another  primer  is  then  placed  in  the  hole  and  the  remainder 
of  the  chaige,  75  to  250  pounds,  is  added  (fig.  10).     During  the  process 
uf  loading,  the  charge  man  frequently  drops  in  hJs  gage,  to  determine 
how  rapidly  the  hole  is  filliTig  and  to  guard  against  the  clt^^ng  of  the 
powder.     Often  granulated  Trojan  powder  is  pjoured  in  to  fill  the 
interstices    between    the 
sticks  of  dynamite  and  the 
fissured  places  in  the  rock 
(fig.  10).      Thus  air  spaces 
are  minimized  and  the  ef- 
ficiency of  the  blast  greatly 
increased.  Whanthecharge 
is  all  placed,  screened  clayey 
sand  and  loam  are  carefully 
shoveled  into  the  hole  and 
packed  down  for  stemming, 

AH  blasting  is  done  at 
such  time  as  will  least  in- 
terfere with  the  operation 
of  steam  shoveb,  trains, 
drilling  machines,  and  gen- 
eral work,  Whererer  prac- 
(icaUe,  the  blasting  is  done 
at  the  end  or  before  the  be- 
ginning of  the  shift  or  dur- 
ing the  noon  period.  A 
great  deal  of  blasting  is  also 
done  by  the  night  squad. 

The  rules  of  the  company 
prohibit  more  than  one  in- 
dependent  charge  in   any 

hole;  that  is,  the  explosives  '»""  »-'"■»"■»»« -^i"  >"«''*• 
must  be  so  placed  that  no  stemming  separates  any  part  or  parts  of 
the  total  charge  in  any  hole.  Double  or  triple  chajges,  separated  by 
stenuning,  are  not  allowed  to  be  put  into  one  hole,  owing  to  the 
danger  from  incomplete  detonation.  A  part  of  the  charge  under 
such  conditions  might  not  explode,  thus  rendering  subaequentsteam- 
flhovel  operations  dangerous,  for  unexploded  dynamite  is  sometimes 
set  off  when  dug  into  by  steam  shovels. 

The  toe  holes  are  loaded  in  much  the  same  way  as  the  bank  holes, 
except  that  the  charge  has  to  be  pushed  into  the  relatively  flat  toe 
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holes,  a  little  at  &  time,  with  the  aid  of  a  chaining  stick^a  long, 
slender  wooden  pole  (H.  VII,  A). 

In  general  the  equipm^t  of  the  charging  squad  is  as  follows: 

rombinatioii   detonalor  crimper,    plien, 

and  punch. 
Wooden  mallet.  , 

Large  funnel. 
Pocket  knife. 


"Springing"  gage. 

Charging  aticke. 

Pocket  reflecting  glan. 

Galvanometer. 

BheoBt&t. 

Blasting  battery. 

ExploaiveB. 

Fuse. 

Eleotrin  detonatora. 


Wooden  ane  handle. 
Detonators. 
Battery  lead  wire. 
Comiecting  vdre. 


After  the  holes  hare  been  chatged  the  detonator  wires  are  con- 
nected, generally  in  series,  with  the  wires-that  lead  to  the  hattery 
(fig.  11).  A  galvanometer 
is  then  attached  to  the  lead 
wires,  and  if  the  whole  con- 
nection makes  a  complete 
circuit  the  galvanometer 
needle  will  be  defiected. 
If  there  is  a  break  in  the 
circuit  it  is  located  by  at- 
taching the  wires  so  that 
first  one  hole,  then  two 
y  holes,  and  so  on,^re  left 
out  of  the  circuit;  as  soon 
as  a  complete  circuit  -is 
found,  it  ia  known  that  the 
break  must  be  between  the 
completed  circuit  and  the 
hole  last  cut  out  of  circuit. 
I        I  ^hJooMf'^/mir         When  a  complete  circuit  is 

MD-'  Baif^  •Dr/ffho/e  estahhahed,  the  wires  are 

M  lor  ready  for  connection  with 
the  hattery.  The  current 
used  in  the  testinggalvanomotpr  is  about  one-thirtieth  of  that  necessary 
to  detonate  the  charge,  so  that  there. is  an  ample  margin  of  safety. 
Five  or  ten  minutes  before  the  chaige  man  finishes  cotmecting  the 
detonator  wires  he  notifies  the  engineer  of  the  nearest  locomotive  or 
steam  shovel,  who  toots  the  whistle  40  or  50  times.  This  warning  is 
understood  by  all  workmen,  and  they  immediately  retreat  to  a  safe 
distance.  The  final  connection  with  the  battery  is  then  made,  and 
after  an  interval  of  a  few  minutes  the  charge  man  sets  off  the  round 
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of  shots.  After  the  explosion  he  notifies  the  steam-shovel  or  locomo- 
tive engineer,  who,  when  he  returns  to  his  post,  somids  a  long  blast 
of  the  whistle,  indicating  that  the  danger  is  over. 

If  a  chaige  misses  fire,  of  course  no  attempt  to  withdraw  it  is  made. 
Such  a  proceeding  would  be  entirely  too  dangerous.  The  remedy  is 
to  drill  a  new  hole  within  6  or  8  feet  of  the  unexploded  one.  The  new 
hole  must  not  be  so  close  to  the  old  one  that  deflection  may  cause  it 
to  break  into  the  unexploded  charge.  The  distance  is  gaged  by  the 
charge  man  who  chambered  the  old  hole  and  knows  the  size  of  the 
chamber,  and  by  the  driller  who  drilled  it.  Dming  the  drilling  of 
the  new  hole,  as  a  precau- 
tionary measure,  nobody  is 
allowed  to  work  in  the  vicin- 
ity of  the  unexploded  hole 
except  the  men  necessary  to 
operate  the  drill. 
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FACTOBS  AFFECTING  BLAST- 
ING  EFFICIENCY. 

The  quantity  of  material 
loosened  by  a  given  amount 
of  explosive  depends  on 
many  factors,  chief  among 
which  are :  Toughness  of  the 
rock;  degree  of  jointing  and 
fissuring;  number  and  ex- 
tent of  free  faces  of  the 
bench  to  be  blasted;  depth 
and  spacing  of  the  holes — 
their  distance  apart  and 
from  the  free  faces;  charac- 
ter of  chambering  and  of 
chaining  of  the  holes;  character  of  detonation  of  the  chaises — ^whether 
they  are  all  detonated  simultaneously. 

A  factor  of  special  significance  in  determining  the  charges  to  be 
used  is  the  degree  of  solidity  or  *' tightness''  of  the  rocks  at  the  base 
or  toe  of  the  blasting  face.  Where  the  rocks  are  soUd  at  the  toe,  toe 
holes  with  fairly  heavy  charges  greatly  increase  the  efficiency  of  the 
blast,  and  cause  the  rock  to  break  down  to  an  even  sxuface.  Data 
regarding  several  bank  and  toe  holes  projected  are  shown  in  figure  12. 
The  conditions  seemed  to  be  about  average  for  the  mine.  The 
results  from  the  blast  with  these  holes  were  as  follows:  About  3.2 
cubic  yards  of  soil  and  weathered  surface  rock  was  broken  per  pound 


FioUBX  12.— Results  of  firing  bank  and  toe  holes  in  positiooa 
shown.  Arrangement  of  holes  and  superficial  area  cut  by 
each  series  are  indicated  by  dotted  lines. 
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PlOUBE  13.— Results  of  firing  blast 
holes  in  Ann  rock.  Shows  arrange* 
ment  for  single-line  bench  holes. 
The  areas  cut  by  each  are  indicated 
by  dotted  lines. 


of  black  blasting  powder.  Approximately 
3.1  cubic  yards  of  somewhat  weathered 
dioritic  rock  was  averaged  per  pomid  of 
Trojan  powder.  Where  this  rock  was 
finner  and  more  solid  the  residts  averaged 
about  1 .5  cubic  yards  for  a  pound  of  Troj  an 
and  40  per  cent  strength  Repauno  gelatin 
djrnftmite  (fig.  13).  In  the  tougher  areas 
only  about  0.4  cubic  yard  was  broken  per 
pound  of  Troj  wi  powder.  Average  results 
from  a  number  of  blasts  are  given  in  the 
following  table: 

Averagt  resulufrom  »e^>erQl  hlasU. 


Character  of  rock 
and  ore. 


Sofl  and  weathered 
rock. 

Partly  weathered 

dioritic  rock. . . 

Do 

Relatively    soft 
porphyry 


Depth  of 
holes. 


Ftet. 
50 

70 
28  and  50 

40 


Explo- 
sives 
used. 


Powids, 

378 

700 
2,235 

825 


Rook 
broken. 


CuibicfMtrda. 
1,222 

2,168 
3,249 

2,264 


Rock 

'brokenper 

pound  of 

explosives. 


CuMcffords. 
3.233 

3.097 
1.454 

2.744 


For  a  three-month  period  in  1913  the 
average  quantity  of  ore  and  rock  broken 
per  pound  of  explosives  used  was  2.55 
cubic  yards.  For  a  corresponding  three- 
month  period  in  1914  the  average  was 
2.67  cubic  yards.  The  quantity  of  both 
kinds  of  explosives  used  during  these  pe- 
riods was  as  follows: 

Qtumtity  of  explosives  used  in  blast  Holes  during  two 

three-month  periods. 


Three-month  period 
hi  1913. 

Three-month  period 
hi  1914. 

Kind  of 
explosive. 

Quantity 

of 

explosive 

used. 

Percent 
of  total. 

Quantity 

of 

explosive 

used. 

Percent 
of  total. 

Black  powder 
Hifher  explo- 
sives  

Pounds. 
192,870 

240,000 

44.66 
55.44 

Pounds. 
136,050 

207,950 

39.71 
60.29 
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SEGONDABY   OR   ^'DOBE"    BLASTING. 

When  the  bank  holes  are  exploded,  5  to  15  per  cent  of  the  material 
broken  is  so  coarse  (PI.  "VTI,  B)  that  it  has  to  be  blasted  again  in 
order  to  be  handled  easily  by  the  buckets  of  the  steam  shovels, 
which  have  a  capiwity  of  3  to  3^  cubic  yards.  This  secondary  blast- 
ing is  done  by  placing  a  number  of  sticks  of  dynamite  and  a  primer, 
with  42  inches  of  fuse  attached,  on  the  rock  to  be  broken,  the  size 
of  the  charge  being  r^ulated  by  the  judgment  of  the  powder  man. 
Fonnerly  it  was  the  general  practice  everywhere  to  cover  charges 
of  this  kind  with  a  stemming  of  clay  or  adobe,  giving  rise  to  the  term 
*' adobe"  or  '^dobe"  blasting.  This  manner  of  breaking  rocks  is 
also  referred  to  as  '* bulldozing.'' 

When  the  *'dobe''  charges  are  all  set,  the  nearest  steam  whistle 
toots  a  warning  for  the  workmen  to  get  out  of  the  way.  The  charge- 
man  and  one  or  two  assistants,  each  using  a  piece  of  fuse  equal  to 
the  length  of  the  primer  fuses  (42  inches)  as  an  igniting  medium, 
light  the  primer  fuses  and  then  run  to  safety.  A  series  of  cuts  half 
through  the  igniter  fuse  indicate  to  the  men  doing  the  igniting  just 
how  fast  their  fuses  are  burning  and  how  much  time  they  will 
have  to  finish  the  lighting  and  get  to  safety.  The  number  of  * '  dobe" 
shots  placed  is  counted,  and  the  number  of  explosions  heard  is  care- 
fully observed  so  that  any  missed  or  delayed  shots  will  be  detected. 

Prior  to  the  installation  of  the  plant  for  crushing  coarse  material, 
the  cost  of  blasting  bowlders,  or  of  '^dobe"  shooting,  was  about  1.54 
cents  per  ton  of  ore  loaded.  It  is  estimated  that  the  new  crushing 
plant  saves  80  to  90  per  cent  of  that  cost. 

BLASTING   COSTS. 

During  a  three-month  period  in  1913,  when  the  mine  was  working 
at  normal  capacity,  the  cost  of  explosives  was  3.75  cents  per  cubic 
yard  of  material  loaded.  For  a  corresponding  period  in  1914,  when 
operations  were  conducted  at  only  about  60  per  cent  capacity,  the 
charges  for  explosives  had  dropped  to  3.56  cents  per  cubic  yard. 
The  diflFerence  was  due  largely  to  the  fact  that  fewer  bowlders  had 
to  be  blasted  after  the  coarse  crushing  plant  had  been  installed. 

The  average  cost  per  poimd  of  all  the  explosives  used  in  1913  was 
9.55  cents,  and  in  1914  it  amounted  to  9.64  cents.  ^'Dobe"  blasting 
is  an  inefficient  method  of  breaking  rock,  because  the  charge  is  not 
confined  and  much  of  its  energy  is  lost;  also  because  the  loading 
operations  of  the  nearest  shovel  or  shovels  must  cease  while  the 
'^dobe"  charges  are  being  placed  and  fired. 
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BLASTING    ACCIDENTS. 

Under  normal  mining  conditions  about  1,500,000  pounds  of  ex- 
plosives \%  used  annually  by  the  Chino  company.  These  figures  are 
so  large  that,  in  comparison,  the  accidents  have  been  few.  During 
1914  only  two  men  were  killed  as  a  result  of  blasting  operations. 
They  miscoimted  the  number  of  ^'dobe''  shots  lighted,  and  walked 
back  before  the  last  one,  which  was  delayed,  had  exploded.  In 
1913  three  men  were  killed.  A  party  of  five  men  had  taken  refuge 
under  the  back  end  of  a  steam  shovel,  against  the  general  orders  of 
the  company.  The  blast  was  so  heavy  that  the  concussion  moved 
the  shovel  back  on  the  men,  fatally  crushing  three  of  them. 

SAFETY   RULES. 

To  help  safeguard  its  employees  the  company  has  posted  rules, 
printed  in  English  and  Spanish,  so  that  everyone,  especially  those 
that  handle  explosives,  may  become  familiar  with  them.  Some  of 
the  principal  rules  so  posted  follow: 

Before  exploding  a  blaErt,  care  should  be  taken  to  give  the  blasting  signal  and  to 
wait  until  every  person  has  reached  a  point  of  safety.  iTo  not  explode  a  blast  until 
at  least  three  minutes  have  elapsed  from  the  last  note  of  warning. 

The  powder  ''whistle  of!  "  signal  must  be  given  after  each  and  every  time  of  blaating. 

All  persons  are  warned  not  to  return  to  the  vicinity  of  ''dobes"  imtil  at  least  one- 
half  minute  has  elapsed  from  the  last  shot  heard. 

WTien  dobying  (bulldozing)  is  done  directly  in  front  of  a  shovel  no  one  should 
remain  on  or  under  that  shovel  for  protection. 

In  firing  bank  shots  or  toe  holes  the  battery  wires  must  not  be  connected  to  the 
battery  until  the  person  immediately  in  chaise  walks  back  to  the  battery  and  gives 
the  word  to  connect. 

Do  not  smoke  while  handling  explosives,  and  do  not  handle  explosives  near  an 
open  light. 

Do  not  carry  loose  detonators  or  ele<rtric  detonators  in  the  clothing.  Carry  them  in 
special  boxes. 

Do  not  transport  caps  or  cartridges  containing  caps  to  the  blasting  place  with  the 
supply  of  dynamite  to  be  used,  and  do  not  place  them  side  by  side  imtil  ready  for 
explosion. 

Do  not  tamper  with  caps.  If  the  caps  are  damaged,  discard  by  loading  into  some 
bank  hole. 

Inspect  the  place  where  bulldozing  has  been  done  before  work  is  resumed .  Kecover 
all  powder  and  caps  possible  and  return  to  their  proper  places. 

Carelessness  will  not  be  tolerated.  The  careless  laborer  imperils  not  only  himself 
but  he  endangers  his  fellow  workman  as  well. 

All  blasting  machines  must  be  tested  with  rheostat  at  least  twic^  a  week.  If  blast- 
ing machine  is  defective,  this  must  be  reported.  The  machine  must  not  be  used 
until  it  has  been  repaired. 

During  cold  weather  no  dynamite  but  the  nonfreezing  powder  ^hall  be  used  unless 
by  order  of  the  general  foreman. 

Powder  boxes  and  powder  cans  must  not  be  opened  otherwise  than  with  the  wooden 
tools  provided  (which  are  mallet  and  axe  handle). 
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Black  powder  cans  should  not  be  rolled  down  the  bank. 

Black  powder  should  not  be  opened  near  a  light  or  fire.  ^ 

Dynamite  must  not  be  rolled  down  the  banks  tied  to  a  rope  except  in  places  and 
manner  designated  by  the  head  powder  foreman. 

It  is  absolutely  prohibited  to  store  powder  or  caps  anywhere  about  a  steam  shovel. 
All  such  recovered  material  must  be  gathered  up  and  returned  to  the  boxes. 

Do  not  aUow  explosives  to  become  scattered.  Immediately  after  each  finished 
period  of  loading  all  unused  powder  and  caps  must  be  returned  to  their  respective 
places. 

Detonators  and  powder  must  not  be  stored  in  the  same  place. 

Fuse,  firing  machines,  and  all  tools  necessary  for  blasting  must  be  kept  in  a  box 
sepuale  from  the  powder.    All  material  must  be  kept  under  lock  and  key. 

Place  all  powder  boxes  so  that  the  cartridges  will  rest  in  a  level  position. 

Do  not  fasten  a  detonator  with  the  teeth  or  by  flattening  with  a  knife;  use  a  crimper. 

Do  not  explode  a  charge  to  chamber  a  hole  and  then  immediately  reload  the  hole; 
&e  hole  will  be  hot.    Water  must  be  used  to  cool  it. 

Do  not  put  two  independent  charges  of  explodvee  in  the  same  drill  hole. 

Do  not  attempt  to  draw  nor  to  dig  out  the  charge  in  case  of  a  misfire. 

No  penon  shall  blast  a  hole  alone;  he  must  have  some  one  near  him. 

For  dobying,  fuse  must  not  be  less  than  30  inches;  for  springing  holes  not  less  than 
18  inches. 

All  electzic  detonators  must  be  tested  with  galvanometer  before  placing  stemming 
m  the  hole. 

Not  more  than  three  men  are  to  load  a  hole  at  one  time. 

In  loading  bank  holes  one  primer  must  be  placed  in  the  hole  before  adding  any  of 
the  charge  of  powder. 

After  primer  or  powder  has  been  placed  in  the  hole  no  metal  ^all  be  used  either  to 
tamp  or  clear  the  hole. 

All  tamping  used  in  holes  shall  be  screened  dirt. 

Gape  and  electric  detonators  shall  be  stored  in  separate  box,  which  shall  be  marked 
"Gap  Box."    Nothing  else  shall  be  stored  in  these  boxes. 

One  nian  is  never  to  trim  a  bank  alone;  at  least  two  men  should  work  together. 

While  trimming,  bank  men  are  not  to  go  down  the  bank  unless  with  a  rope  securely 
bstened  above. 

"gopher''    BLASTING. 

At  the  present  stage  of  development  '^gopher''  blasting  has  been 
practically  discontinued.  However,  in  the  '  past  it  was  advan- 
tageously used  to  break  down  some  high  banks  that  were  difficidt  to 
drill  and  load  in  the  ordinary  way.  A  good  account  of  one  of  the 
largest  gopher  blasts  has  been  written  by  R.  I.  Kirchman,*  bench 
foieman  for  the  Chino  company.  It  is  so  instructive  that  extensive 
quotations  from  it  follow.  E^irchman  first  explains  that  in  the 
preliminary  work  at  Santa  Rita,  owing  to  the  uneven  surface  of  the 
ground,  the  height  of  the  benches  varied  from  a  few  feet  to  150  feet 
or  more.  Some  of  the  high  benches  were  maintained  because  the 
expense  of  opening  intervening  levels  was  not  warranted  by  the 
conditions.  Locally  the  rock  was  considerably  fissured  and.  jointed 
with  a  tendency  to  '*hang  up."  Hanging  brows  of  the  rock,  where 
the  bank  was  75  to  100  feet  high,  came  down  at  uncertain  intervals, 

Kiicfaman,  R.  I.,  Oophflr  blasting:  Colorado  School  oX  Mines  Mag.,  voL  4,  May,  1914,  pp.  103-107. 
^3503*— Bull.  107—16 5 
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sometimes  endangering  the  steam  shovels  near  the  base.  When 
toe  holes  were  sprung  they  often  caved,  thus  rendering  them  useless 
and  necessitating  new  holes.  Because  of  these  difficulties  it  was 
decided  to  handle  the  bank  with  a  large  gopher  blast.  Eirchman 
describes  the  operations  eUa  follows: 

Three  adits  were  determined  upon  as  shown  in  figure  14.  The  north  adit  was  num- 
bered 1,  the  middle  2,  and  the  south  3.  Adits  1  and  2  required  two  tunnel  sets  each. 
These  sets  were  lagged.  Adit  3  was  not  fractured  as  much  as  1  and  2  and  did  not 
require  timbering.  The  cross-section  dimensions  were  3  feet  by  5  feet  high,  driven 
part  by  hand  drill  and  part  by  air-drill  machine. 

The  muck  from  the  main  adits  was  dumped  directly  in  front  and  around  their 

,  entrances.    The  broken  earth  from  the  crosscuts  was  thrown  back  and  leveled  to  a 

height  just  sufficient  to  allow  the  passage  of  a  man — that  is,  an  opening  about  2  by  3 

feet.    The  excess  muck  was  carried  to  the  entrance.    The  corresponding  crosscuts 

were  thus  l^t  half  full  of  muck  back  to  the  main  adits. 

The  ends  of  the  crosscuts  were  chambered  to  a  size  sufficient  to  accommodate  the 
powder  predetermined  by  the  amount  of  yardage  over  the  '^gophers."  The  gopher 
was  assumed  to  break  from  a  line  10  feet  beyond  the  breast  of  the  main  adits,  and 
along  a  1-to-l  slope  to  the  surface. 

The  Mexican  laborers  were  divided  into  classes  of  miners  and  muckers.  The 
miners  were  paid  at  the  rate  of  $2.75  per  day  of  9  hours  and  the  muckers  $2  per  day. 
At  the  start  only  two  9-hour  shifts  were  empk>yed,  but  as  greater  progress  was  desired 
three  8-hour  shifts  were  put  on. 

The  latter  change  left  2  men  in  each  face,  or  a  total  of  18  men  per  24  hours.  The 
progress  was  about  4  feet  per  shift.  The  total  linear  feet  of  gopher  driven  was  352. 
The  time  occupied  in  driving  was  31  days.  Loading  commenced  immediately  after 
completion  and  required  3  days  of  10-hour  day  shifts,  and  was  accomplished  by  4 
powdermen  and  10  laborers  for  loading  and  tamping. 

On  the  bottom  of  the  drifts  a  walk  was  laid,  composed  of  single  boards  placed 
loosely  end  to  end;  no  nails  were  used.  The  powder  boxes  were  slid  along  this  path 
to  the  chambers.  Ordinary  pocket  electric  flash  lights  gave  fair  light  for  about  24 
hours. 

Crosscut  1  was  loaded  first.  The  ends  of  the  powder  boxes  were  opened  and  placed 
end  to  end .  The  boxes  were  pyramided  in  a  single  tier  down  the  middle  of  the  pocket. 
An  electric  fuse  was  placed  in  the  middle  box  of  each  layer  of  the  tier,  making  three 
fuses  to  the  chamber.  Extreme  care  was  tak^n  not  to  injure  the  Ught  fuse  wires. 
An  important  precaution  to  observe  in  loading  these  initial  charges  is  the  avoidance 
of  undue  pressure  upon  the  fuses  or  stick  powder.  The  stick  powder  used  was  Du 
Pont  40  per  cent  Repauno  gelatin.  The  fuses  were  Victor  No.  7,  10-foot  lengths, 
having  a  resistance  of  1.2  ohms. 

The  black  powder,  in  25-pound  cans,  was  next  placed  about  the  powder  boxes. 
About  three-quarten  of  the  black-powder  charge  was  loaded  from  the  breast  to  the 
front  of  the  charge  and  one-half  way  up  to  the  back.  Judson  powder,  in  12i-poiind 
paper  bags,  was  placed  upon  the  powder  cans  as  compactly  as  possible.  This  latter 
charge  filled  the  pocket  clear  to  the  back.  The  final  face  of  the  chamber  was  sealed 
with  the  remaining  one-quarter  of  black  powder  in  cans.  The  latter  precaution  was 
taken  to  avoid  any  danger  or  damage  to  the  dynamite  and  Judson  powder  when 
tamping. 

All  connecting  fuse  wires  were  firmly  contacted.  The  charges  were  connected  in 
series  with  No.  14  lead  wire,  and  the  fuse  wires  were  wrapped  around  the  lead  wires. 
All  fuses  were  tested  with  a  Du  Pont  galvanometer,  which  shows  the  presence  of  a 
circuit  and  resistance  contained  therein.  All  completed  circuits  in  the  different 
chambered  x)ockets  were  tested  before  the  chambers  were  sealed  with  carefully  placed 
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muck.  The  lead  wires  from  each  chamber  were  laid  on  top  of  the  muck  and  in  one 
comer  of  transverse  cross  section.  Pieces  of  wood  broken  from  the  refuse  powder 
boxes  were  placed  at  an  angle  above  these  wires,  thus  affording  a  protection  from  the 
rocks.    These  lead  wires  were  uncoiled  as  fast  as  the  tamping  proceeded. 

The  tamping  was  a  slow  and  laborious  process.  The  muck  had  to  be  carried  in 
powder  boxes  and  slid  along  the  board  path,  and  dumped  into  the  receding  filled 
faces.    At  intervals  of  3  feet  of  fill  the  circuits  were  tested  in  all  drifts. 

During  the  loading  of  the  gopher  the  men  suffered  from  powder  headaches.  These 
were  sharp  and  annoying,  but  soon  passed  away  in  most  cases  when  brought  to  the 
fresh  air.  The  tamping  progressed  more  rapidly  when  the  main  adits  were  reached. 
An  unusual  source  of  danger  occurred  for  a  few  days  during  the  presence  of  electrical 
storms.  The  precaution  of  keeping  all  lead  wires  well  within  the  adit  entrances  was 
observed. 

The  lead  wires  from  the  several  entrances  were  then  coifneCted  in  series.  A  pair  of 
main  lead  wires  was  then  laid  a  distance  of  1,500  feet  north  of  the  entrance  of  adit  1. 
These  were  not  connected  until  the  proper  time  for  blasting.  The  blading  battery, 
a  Du  Pont  1-75  fuse  machine,  was  cleaned  and  tested. 

The  final  circuit  was  tested  with  the  galvanometer  and  a  re^ostance  of  24  ohms 
noted;  this  indicated  a  good  connection.  The  eighteen  10-foot  fusee  used  should 
have  had  a  total  of  21.2  ohms;  the  remaining  2.8  ohms  was  apparently  due  to  imperfect 
connections.  The  resistance  of  the  lead  wires  was  practically  zero.  On  June  25, 
1913,  thd  gopher  was  fired.  Some  bowlders  were  thrown  400  to  600  feet  by  the  con> 
cuflsion  of  the  sharp  blast.  The  main  mass  of  the  material  was  not  thrown  over  200 
feet. 

The  yardage  of  the  gopher  was  figured  on  a  1-to-l  slope.  The  steam  shovels  removed 
60,000  cubic  yards  (in  solid),  but  the  total  has  not  yet  been  removed.  It  is  estimated 
that  40,000  cubic  yards,  in  solid  measurement,  of  loosened  material  is  still  to  be 
removed. 

It  was  the  opinion  of  some  that  the  gopher  was  loaded  a  trifle  too  heavy.  For  the 
class  of  overburden  a  load  of  1  pound  of  powder  for  3  or  3}  cubic  yards  (solid)  would 
have  yielded  bettor  results;  but  as  an  experiment  for  future  reference  this  was  a 
successful  gopher.  No  serious  delay  occurred,  no  damage  was  done,  and  the  practica- 
bility of  a  gopher  bank  was  demonstrated. 

The  data  were  summarized  by  Mr.  Kirchman  as  follows: 

Data  regardiitg  one  of  largest  ** gopher"  bUuts  used  by  Chino  company  to  break  down 

high  bank. 


Chamber. 


N.No.1. 
S.No.1. 
N.No.2. 
8.  No.  2. 
N.No.3. 
S.Na3. 


Total  or  avenge.. 


Powder  loaded  (pounds). 


Black 
powder. 


7,726 


Judjson. 


2,400 
5,500 
5,250 
9,250 
7,050 
9,050 


7,725 


38,500 


Forty 
percent 
gelatin. 


800 
500 
600 
800 
500 
900 


•1,100 


Ratio  of 
eocploslon 
to  igni- 
tion 
charge,  o 


12.65 
11.00 
8.75 
11.56 
14.10 
10.05 


11.27 


Total 
powder 
charge. 


10,925 
6,000 
5,850 

10,050 
7,550 
9,950 


50,325 


Rate  loaded. 


Engi- 
neers' 
estimate. 


Cu.  yds. 
25,664 
14,948 
18,122 
25,197 
12,446 
22,283 


118,660 


Pounds 

I)er  cubic 

yard. 


0.41 
.40 
.32 
.40 
.67 
.45 


.425 


Cubic 

yards 

broken 

per 
pound  of 
explo- 
sives. 


2.34 
2.49 
3.10 
2.50 
1.65 
2.24 


2.36 


o  These  data  are  of  interest  in  that  thev  indicate  the  proper  ratio  of  the  ignition  charge  to  the  explosion 
diarge.  An  idea  of  the  ratio  of  the  overburden  in  cubic  yards  to  the  powder  In  poun&  is  suggested.  A 
laig«  ratio  in  this  ohaiaoter  of  ground  is  recommended. 
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LOADING  QBE. 

After  the  ore  and  waste  have  been  broken  by  blasting  they  are 
loaded  onto  cars  by  Marion  steam  shovels.     Of  these,  there  are  six 
of  the  91-ton  model,  two  of  the  92-ton  model,  one  of  the  100-ton  model;   ^ 
and  one  of  the  40-ton  model — ten  in  all. 

The  40-ton  and  the  100-ton  shovels  are  used  for  digging  first  or 
pioneer  cuts,  also  called  "thorough"  cuts.  The  40-ton  machine  has 
a  large  arc  of  swing  to  its  boom,  so  that  it  can  carry  a  cut  into  a 
bank,  swinging  its  dipper  back  to  one  side  far  enough  to  dump  into 
a  car  dose  to  the  side  of  the  shovel  and  back  from  the  working  face 
of  the  cut.  The  other  shovels  when  making  first,  or  pioneer  cuts, 
have  to  load  onto  cars  that  stand  on  the  bank  above,  outside  the 
excavation  that  is  being  made.  The  91 -ton  and  the  92-ton  shovels 
are  designed  to  have  a  maximum  lift  of  19  and  21  i  feet,  respectively; 
hence,  in  general,  they  can  not  make  a  first  cut  more  than  10  to  12 
feet  below  the  level  of  the  loading  track.  The  100-ton  shovel, 
however,  is  built  with  a  long  boom  and  dipper  arm,  so  that  it  has  a 
maximum  lift  of  35  feet.  Its  function  is  primarily  to  make  pioneer 
or  '* thorough"  cuts,  which  the  other  shovels  enlarge.  It  can  cut 
a  wide  ditch  about  22  feet  deep,  Uftii^  the  material  up  onto  cars 
that  stand  on  the  banks  outside  the  cut.  It  has  a  dipper  with  a 
capacity  of  3  cubic  yards,  whereas  the  capacity  of  the  91-ton  and 
of  the  92-ton  shovels  is  3J  cubic  yards.  This  smaller  dipper  is 
necessary  because  the  longer  boom  and  dipper  arm — ^92-foot  extreme 
radius — greatly  increases  the  strain  on  the  machinery. 

The  crew  of  each  shovel  consists  of  an  engineer  at  $190  per  month, 
a  craneman  at  $135  per  month,  a  fireman  &t  $3.50  per  10-hour  shift, 
an  oiler  at  $2.25  per  shift,  and  6  to  8  pitmen  at  $2.25  per  10-hour 
shift,  who  assist  in  loading  operations  and  in  moving  the  shovel. 

The  material  handled  per  day  of  two  10-hour  shifts  by  each  shovel, 
except  the  small  40-ton  machine,  is  1,400  to  2,800  cubic  yards, 
measured  in  the  solid.  This  rather  wide  variation  is  due  to  occa- 
sional  shortage  of  cars,  local  difficulties  of  digging,  or  temporary 
breakdowns. 

The  coal,  oil,  and  cotton  waste  used  per  10-hour  shift  is  as  follows: 

Coal,  oily  and  cotton  waste  used  per  10-hour  shift. 


Materia]. 


Black  oil 

CyliudaroU 

EiBgiiieoO 

erode  oil 

Cnpgreue 

WBlte  cotton  waste 

RmKof-miiie  oaal. . . 


Price. 


S0.14  per  gallon... 

.37  per  gallon... 

.22  per  gallon... 

.10  i>er  gallon... 

.06  per  pound . . 
0.30perniuidred- 

welglit. 
4.90  per  ton 


Amount  used  by  different  sized  shovels. 


40-ton. 


3  pints.. 
3  pints., 
^pint... 
1  quart.. 
^ pound. 
ll)0und. 


Batons. 


91-ton  and  92- 
ton. 


2  quarts. 

3  quarts. 
Ipint... 
2  quarts. 

i  pound, 
pound. 

5^  tons.. 


100-ton. 


2  quarts. 
1^  gallons. 
IpM. 
li  gallons. 

J  pound, 
pound. 

7}  tons. 
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Heavy  castings  and  repair  parts  for  all  the  shovels  are  kept  on 
hand  so  that  a  shovel  can,  without  much  delay,  be  almost  rebuilt  in 
the  company's  machine  shops. 

The  cost  of  loading  is  in  general  6  to  12  cents  per  ton.  In  a  few 
cases,  owing  to  exceptionally  unfavorable  circumstances,  the  loading 
costs  for  one  shovel  for  a  month  have  averaged  as  high  as  29  cents 
per  ton.  On  the  other  hand,  exceptionally  favorable  conditions 
have* at  times  reduced  the  monthly  average  to  a  little  more  than  4 
cents  per  ton. 

TRANSPORTATION  OF  OBS. 

In  the  matter  of  transportation,  it  was  planned  to  have  the  loaded 
cars  moved  from  and  the  empties'  moved  to  the  shovels » with  as 
little  delay  as  possible.  To  handle  the  trains  of  ore  and  waste 
fourteen  42^ton  and  seven  50-ton,  4-wheeled  Porter  locomotives  are 
used.  These  have  cyliiiders  15  by  24  and  16  by  24  inches.  They 
are  each  maimed  by  a  locomotive  engineer,  at  $4.25  per  lO-hour 
shift  and  a  fireman,  at  $3  per  10-hour  shift.  The  quantities  of  oil 
and  fuel  used  by  each  locomotive  per  shift  of  10  hours  are  about  as 
follows: 

Quantities  of  oil  and  fuel  used  by  4^'ton  and  504on  Porter  toeomotives  with  side  or  saddle 

water  tanks. 

Engine  oil H  pints,  at  22  cents  per  gallon. 

Cylinder  oil 1  pint,  at  37  cents  per  gallon. 

Cup  grease }  pound,  at  5  cents  per  pound. 

White  cotton  waste }  pound,  at  $9.39   per    hundred- 
weight. 
Run-of-mine  coal 3  tons,  at  $4 .30  per  ton. 

In  general,  there  are  always  about  two  locomotives  in  the  shop 
undergoing  repairs.  In  addition,  qne  locomotive  is  held  just  outside 
the  shop  with  steam  up  ready  for  instant  service.  The  total  repair, 
upkeep>  and  all  other  expenses  of  the  locomotives  amount  to  about 
0.2  cent  per  ton  of  material  handled. 

The  ore  cars  in  use  are  about  as  follows:  Forty-five  12-yard,  side- 
dump,  Oliver  steel  cars;  forty  6-yard  steel  cars  not  equipped  with 
air  brakes;  four  20-yard  steel  cars  fitted  with  air  brakes,  air  dumping 
appliances,  etc.  The  four  last-mentioned  cars  are  leased  from  the 
Santa  Fe  Railroad,  and  have  given  such  good  satisfaction  that  the 
Chino  company  has  ordered  several  of  the  new  Clark  20-yard  exten- 
sion dumping  steel  cars  (PI.  VIII).  These  dump  on  either  side,  by 
air  or  by  hand  power,  and  are  said  to  be  satisfactory. 

The  experience  of  the  Chino  company  has  been  that  6-yard  cars 
are  too  light  for  loading  with  heavy  shovels  and  too  expensive  to 
keep  in  repair.  Not  being  fitted  with  air  brakes,  they  are  rather 
dangerous  to  handle  on  heavy  grades.    The  large,  heavy,  air-brake 
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and  air-dump  cars,  though  expensive,  are  cheaper  in  the  long  run, 
under  the  conditions  of  heavy  service  that  prevail  at  Santa  Rita. 

Ore  that  is  fine  enough  not  to  need  crushing  is  generally  loaded 
directly  into  50-ton  steel  railroad  car^,  the  property  of  the  Santa  Fe 
Railroad  Co.,  and  is  sent  direct  to  the  mill  at  Hurley  without  having 
to  pass  through  the  crushing  plant  just  below  the  mine. 

The  following  table  shows  the  number  of  cars  of  each  size  loaded 
per  month,  during  five  typical  months,  and  the  cost  of  keeping  them 
in  repair.  The  repair  cost  per  dry  ton  of  ore  handled  and  per  cubic 
yard  of  waste  is  also  given.  The  50-ton  cars  are  the  property  of  the 
Santa  Fe  Railroad  Co.,  but  are  kept  in  repair  by  the  Chino  company 
while  used  by  them,  and  so  are  included  in  the  repair  account. 

Co8t  of  ear  repairs  Jar  five  typical  TnorUhs. 
CARS  USED  IN  MINING  ORE. 


Month. 


1914. 

Janoanr 

Febroaiy 

Man* 

August 

September 


Cost  of  repairs. 


Labor. 


1188.81 

148.99 

138.48 

94.93 

8&24 


Supplies. 


|196wl9 

8A.01 

103.40 

78.72 

91.87 


Cost  per 
dry  ton. 


10.00196 
.00124 
.00109 
.00142 
.00171 


Number  of  cars  loaded. 


20>7ard. 

12-7ard. 

6-7ard. 

100 
4 

898 
2,103 
2,015 

107 

12 

50-ton. 


4,028 
4,066 
4,435 
1,837 
1,438 


CARS  USED  IN  STRIPPING  WASTE. 


January 

February 

Maidi...... 

August 

September.. 


11,609.33 

1,340.88 

1,246.36 

854.35 

n6.17 


11,765.73 
765.08 
930.61 
708.48 
826.86 


Cost  per 
cubic  yard. 
10.01122 
.00741 
.00629 
.00838 
.01008 


1,017 
1,548 


27,124 
29,573 
34,525 
10,169 
9,511 


15,711 
13,043 
16,105 
10,778 
9,065 


12 
14 


The  material  loaded  onto  cars  by  the  steam  shovels  is  hauled  out 
of  the  pits  to  one  of  the  following  destinations:  The  mill,  direct;  the 
crusher;  the  ore  stock  pile;  or  directly  to  the  smelter.  The  waste 
goes  to  the  waste  dumps.  The  lowest  grade  of  ore,  containing  about 
0.8  per  cent  copper,  which  has  to  be  moved  to  get  at  other  higher 
grade  ore  and'  to  develop  the  workings  properly,  is  sent  to  the  ore 
stock  pile  if  the  copper  market  happens  to  be  unfavorable.  It  is 
left  there  until  such  time  as  it  can  bo  most  favorably  utilized.  Only 
the  ore  that  contains  many  bowlders  too  large  to  pass  the  12-inch 
by  13-inch  grizzly  at  the  mill  is  sent  to  the  crusher.  The  other  ore  is 
sent  direct  to  the  mill,  except  the  occasional  carloads  that  average 
high  in  copper;  these  are  shipped  direct  to  the  smelter. 

The  grade  of  the  pit  tracks  varies  considerably.  The  average 
grade  of  all  the  tracks  to  the  waste  dump,  the  stock  pile,  the  crusher. 
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and  the  railroad  yards  is  estimated  to  be  2\  per  cent.  Some  idea 
of  the  amount  of  material  handled  over  the  company's  tracks  during 
the  month  of  July,  1914,  when  the  mine  was  working  at  normal 
capacity  and  during  the  month  of  September,  1914,  when  it  had 
greatly  curtailed  its  output  owing  to  the  European  war,  is  giveii 
m  the  table  following: 

Data  showing  material  handled  on  China  company* $  tracks. 


Month. 


July 

September . 


1914. 


Ton-miles  of  haul. 


Waste. 

r 


953,055 
447,486 


OrepOes. 


89,911 
3,046 


Crasher. 


36,517 


Mm  or 
smelter. 


228,771 
78,830 


Total. 


1,221,737 
665,878 


Grade 

miles, 

haul  to 

wastaand 

onpllea 

ana  to 

omsher. 


2,533 
2,056 


The  figures  in  the  second,  third,  fourth,  and  fifth  colunms  of  the 
above  table  are  obtained  by  multiplying  the  average  length  of  haul 
by  the  tonnage  moved,  thus  giving  the  ton-miles;  the  figures  in  the 
last  column  are  the  product  of  the  hnear  miles  and  the  rise  in  feet 
per  mile  for  hauls  to  the  waste  and  ore  piles  and  to  the  crusher.  The 
cost  of  hauling  out  and  dumping  waste  averaged  a  little  less  than  3 
cents  per  cubic  yard. 

The  tracks  are  of  standard  gage  and  consist  of  60-pound  rails  laid 
on  7-inch  by  9-inch  ties  8  feet  2  inches  long  and  spaced  20  ties  for  each 
length  of  33-foot  rails.  A  few  75-pound  rails  are  used  in  the  pits. 
The  Chino  company  constructed  at  its  own  expense  and  is  operating 
about  24  miles  of  railroad  track.  This  trackage  connects  with  the 
railroad  yards  of  the  Santa  Fe  branch  line  to  Santa  Rita.  It  is 
provided  with  ample  turnouts  and  crossovers  and  is  systematically 
operated  under  the  supervision  of  a  yardmaster  and  his  assistants, 
switch  tenders,  etc. 

The  maintenance  of  the  pit  tracks  is  under  the  supervision  of  an 
assistant  roadmaster.  Subordinate  to  him  are  4  track  foremen, 
each  in  charge  of  a  gang  of  13  men.  These  gangs  shift  track  and  keep 
the  track  lines  up  to  the  steam  shovels.  The  waste  and  ore-dump 
tracks  are  looked  after  by  7  track  foremen,  each  in  charge  of  a  gang 
of  13  men.  These  crews  level  off  and  trim  down  the  dumps  and 
keep  the  tracks  shifted  out  toward  the  edge  of  the  dump  slope. 
The  pay  of  the  laborers  is  about  $2.05  per  10-hour  shift.  The  track 
foremen  receive  $4.55  per  10-hour  shift. 

CBTTSHIlfa  OF  COABSE  OBE. 

The  coarse  ore  grizzlies  at  the  Hurley  mill  have  openings  12  by  13 
inches.  It  is  intended  that  the  ore  shipped  to  the  mill  shall  have 
few  fragments  too  coarse  to  pass  through  these  openings.    Up  to  1914 
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ore  fragments  coarser  than  this  had  to  be  broken  by '  'dobe"  blasting, 
or  by  hand,  either  at  the  shovel,  on  the  cars,  or  at  the  mill.  These 
methods  of  breaking  the  laj^e  fragments  were  relatively  expensive. 
It  was  therefore  decided  to  build  near  the  mine  a  plant  for  crushing 
coarse  ore,  the  plant  to  accommodate  any  bowlder  that  could  be 
handled  by  the  3  to  3}  cubic  yard  dippers  of  the  steam  shovels. 

A  site  for  the  new  crushing  plant  was  selected  on  a  side  hiU,  so  that 
the  ore  cars  could  be  run  on  a  track  about  50  feet  higher  than  the 
feeding  hopper  of  the  laj^e  crusher  (PI.  IX,  A).  It  is  situated  about 
1}  miles  below  the  mine,  and  is  convenient  to  the  branch  line  of  the 
Santa  Fe  Kailroad  which  leads  to  the  mill  at  Hurley.  The  cars  of 
coarse  ore  from  the  mine  are  dumped  onto  the  steel  grizzlies  (PI.  IX, 
B),  the  bars  of  which  are  about  8  inches  apart.  The  oversize  pieces 
roll  down  into  a  hopper  that  feeds  to  a  48-inch  by  60-inch  Superior 
jaw  crusher.  This  vast  crusher  weighs  100  tons,  and  is  driven  by  a 
150-horsepower  motor.  It  crushes  to  6  inches  and  smaller,  and  has 
a  capacity  of  3,000  to  5,000  tons  per  10  hours.  A  48-inch  overlapping 
steel  pan  conveyor,  driven  by  a  50-horsepower  Westinghouse  induc- 
tion motor,  conveys  the  crushed  product,  and  the  fines  that  have 
gone  through  the  grizzly  bars  (PI.  IX,  5),  up  a  15J°  incline  to  the 
top  of  the  loading  bin  (PI.  IX,  A).  A  number  of  observations  showed 
that  one-fortieth  to  one-fourth  of  the  contents  of  each  car  dumped 
onto  the  grizzly  went  over  into  the  crusher.  The  remainder  went 
through  the  bars  as  undersizes  or  fines. 

The  loading  bin,  of  steel,  is  40  by  14^  feet  at  the  base,  and  23  feet 
high.  The  upper  9  feet  of  the  longer  dimension  tapers  in  to  26  feet 
8  inches  instead  of  40  feet  as  at  the  base.  It  has  a  capacity  of  567 
tons,  on  the  basis  of  21  cubic  feet  to  the  ton  of  ore.  The  bin  has  six 
loading  chutes  on  each  side,  and  is  between  two  tracks,  so  that  two 
large  steel  cars  can  be  loaded  at  the  same  time.  The  loading  chutes 
are  high  enough  above  the  rails  so  that  the  loading  is  all  by  gravity. 
From  10  to  20  minutes  is  required  to  load  a  car  having  a  capacity  of 
100,000  pounds.  The  coarser  the  material  the  easier  the  loading, 
after  it  is  once  started.  Fine  material  sometimes  chokes  the  chutes, 
until  prodded  loose  by  the  bars  of  the  car  loaders. 

About  four  12-yard  cars  at  a  time  are  pushed  by  a  dinkey  loco- 
motive from  the  mine  to  the  up-grade  side  of  the  grizzly.  The 
locomotive  engineer  then  gives  three  blasts  of  his  whistle.  If  the 
crusher  man*  is  ready  for  more  ore  he  answers  with  two  whistles.  The 
first  car  is  set  opposite  the  grizzly  and  dumped  by  hand,  then  the  other 
cars  are  set  and  dumped  as  fast  as  the  crusher  can  take  the  ore. 
After  all  the  cars  in  a  trip  have  been  dumped,  the  locomotive  engineer 
sounds  two  blasts  of  bis  whistle,  and  pulls  the  dumped  cars  past  the 
grizzly;  after  the  cars  have  been  uprighted  and  fastened,  he  proceeds 
to  the  mine  for  more  material. 
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Five  men  are  required  at  the  top  of  the  grizzly  to  dump  and  upright 
the  cars.  A  trip  of  4  cars  can  be  dimiped  and  uprighted  in  about  5 
minutes.  After  the  train  has  pulled  out,  the  men  shovel  onto  the 
grizzly  any  material  that  has  fallen  aside.  The  crew  operating  the 
crusher  consists  of  a  foreman,  two  mechanics,  two  crusher  runners, 
four  car  men,  one  loader,  and  three  laborers.  The  total  operating 
wages  amount  to  about  $35  per  lO-hour  shift. 

The  total  cost  of  building  and  equipping  this  crushing  plant  was 
about  $127,000,  of  which  $42,000  was  for  labor  and  $85,000  for 
supplies. 

Tbe  total  cost  of  operating  the  plant  for  crushing  coarsQ  material 
for  a  part  of  August,  1914,  was  $1,231.84,  or  at  the  rate  of  1}  cents 
per  diy  ton  of  ore.  For  September,  1914,  the  total  operating  cost  of 
the  plant  was  $1,994.84,  or  at  the  rate  of  1.9  cents  per  dry  ton  of  ore. 
This  higher  cost  was  due  to  some  important  reinforcements  required 
for  the  retaining  walls  and  additional  equipment  charges. 

MINE    BBAZNAGE. 

The  precipitation  in  the  Santa  Rita  region  is  so  light  that  the 
amount  of  water  that  gets  into  the  workings  is  relatively  small. 
The  slopes  in  some  of  the  open  cuts  are  such  that  they  drain  directly 
to  the  Santa  Rita  Creek.  In  the  deeper  open  cuts  sumps  with 
electrically  driven  pumps  take  care  of  the  water.  The  300-foot  level 
of  the  underground  workings,  which  are  old  workings  kept  open 
maioly  for  draiaage  and  prospecting,  is  drained  by  two  Aldrich 
triplex  pumps  and  one  Byron-Jackson  centrifugal  pump,  all  operated 
by  electric  power.  These  pumps  have  a  total  capacity  of  about  1,000 
gallons  per  minute,  against  a  head  of  400  feet.  A  reserve  pumping 
plant  on  this  level  consists  of  two  Cameron  pumps,  16  by  7  by  18 
inches.  They  are  operated  by  compressed  air,  and  are  held  in  readi- 
ness in  case  of  accident  to  the  electric  pumps  or  to  the  supply  of 
electric  power.  On  the  400-foot  level  the  small  amount  of  seepage 
is  collected  in  a  sump,  and  pxmiped  to  the  300-foot  level  by  a  16-inch, 
three-stage,  electrically  driven  Byron-Jackson  centrifugal  pump, 
having  a  capacity  of  900  gallons  per  minute. 

EFFECT   OF  SLOPES   OF  OPPN   OtJT. 

The  stability  of  the  slopes  of  an  excavation  has  an  important 
bearing  on  the  cost  of  the  excavation.  Where  the  slopes  stand 
steeply  the  cost  is  much  less,  other  things  being  equal,  than  where 
they  slide  to  flat  angles,  owing  to  softening  by  ground  water  or  other 
causes.  If  the  slopes  of  the  excavations  at  Santa  Rita  were  as 
unstable  as,  say,  those  of  the  Culebra  Cut,  much  would  be  added  to 
the  cost  of  mining. 
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At  Santa  Rita  great  open  cuts  have  been  made  and  from  these  ore 
and  waste  are  being  excavated  by  steam  shovels.  These  vast  open 
pits  are  thus  constantly  being  widened,  from  the  central  area  out- 
ward, and  are  being  deepened  to  the  bottom  of  the  ore  body.  The 
steam  shovels  operate  on  benches,  as  already  explained,  one  or  more 
to  a  bench,  depending  on  the  location  of  the  ore  bodies,  the  require- 
ments of  mining,  etc.  The  bench  levels,  in  this  process  of  being 
widened,  are  cut  back  into  the  rising  ground,  and  into  the  sides  of 
the  hills,  necessitating  slopes  that,  locally  where  ridges  are  cut,  are 
several  hundred  feet  high. 

These  high  slopes,  in  places,  may  be  largely  in  waste  material  that 
overlies  valuable  ore  bodies;  hence  their  stability  has  much  to  do 
with  the  cost  of  mining.  If  they  stand  steeply,  much  less  excavation 
is  necessary  than  if  they  slough  down  to  flat  grades.  At  Santa  Rita 
the  open-cut  slopes  have  stood  remarkably  well,  chiefly  because  of 
the  following  factors: 

(1)  There  is  httle  ground  water  in  the  soil,  which  covers  the  rocks 
to  depths  of  a  few  inches  to  30  feet  or  more.  This  is  because  of  the 
relatively  small  precipitation  and  the  good  drainage  conditions.  The 
latter  are  due  to  the  porosity  of  the  soil  and  the  slope  of  the  groimd 
toward  the  open  cut. 

(2)  The  upper  or  weathered  zone,  which  varies  much  in  thickness, 
depending  on  the  character  of  the  rocks,  the  degree' of  jointing,  etc., 
is  considerably  cut  by  jointing  (PI.  X),  and  some  shearing.  This 
weathered  zone,  together  with  most  of  the  mineralized  rocks,  is  locally 
much  altered,  not  only  by  weathering,  but  also  by  hydrothermal 
action.     The  effect  on  the  slopes  is  as  follows: 

(a)  The  weathering  and  mineralizing  solutions  have  much  sericitized 
the  feldspars,  thus  weakening  the  rocks  and  causing  a  considerable 
d^ree  of  pulverization  when  they  are  blasted.  With  excessive  ground 
water  this  condition  would  also  tend  to  give  them  muddiness  and 
mobility.  However,  groimd  water  being  largely .  absent,  as  already 
explained,  they  are  strong  enough  to  stand  at  fairly  steep  slopes  with- 
out crushing  or  movement,  except  some  sloughing,  for  all  heights  of 
slope  that  are  likely  to  be  encountered. 

(ft)  The  jointing  has  cut  the  rock  mass  into  irregular  blocks  (PI.  X), 
and  these  will,  of  course,  slough  off  where  the  slopes  are  rather  steep, 
especiaUy  after  they  have  been  somewhat  loosened  and  jarred  by 
blasting.  However,  this  jointing  is  not  great  enough  to  give  a  flow- 
age-like  motion,  or  ^' creep,"  to  the  jointed  material,  even  on  the 
highest  and  steepest  slopes.  Where  faulting  hes  sheared  the  rocks, 
and  slikensided  them,  there  is  considerable  local  sloughing,  but  such 
zones  are  too  restricted  to  cause  a  noticeable  increase  of  mining  cost- 

The  rocks  below  the  weathered  zone  are  less  jointed  and  are  more 
stable  than  those  just  described  for  the  weathered  zone;  hence  they 
stand  fairly  steeply. 
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The  steepest  slopes  of  the  cut  are  those  in  the  quartzite  and  other 
hard  rooks.  They  range  from  55®  to  85**,  depending  on  whether  the 
principal  joint  planes  dip  toward  the  excavation.  Probably  the 
average  slope  in  such  rocks  is  about  70**,  with  the  soil  covering  and 
loose  rock  on  top  sloping  at  about  40**.  In  the  softer  rocks  slopes  of 
40°  to  70®  are  maintained.  In  calculating  the  yardage  of  stripping 
to  be  removed,  a  slope  of  1  on  i  was  first  used,  meaning  one  unit 
vertical  to  ono-half  unit  horizontal.  However,  in  1915  the  use  of  a 
slope  of  1  on  }  was  adopted  as  being  safer  for  making  ore  estimates. 

The  flattest  slopes  are  those  at  which  the  material  in  the  waste 
dimips  comes  to  rest.  Several  of  the  large  dump  slopes,  some  show- 
ing about  200  feet  of  elevation  were  measured,  and  they  all  approxi- 
mated 37°,  in  spite  of  the  fact  that  they  contained  much  fine  mate- 
rial. The  upper  half  of  each  of  the  dump  slopes  was  about  37i°  and 
the  lower  half  about  36i°.  The  increased  flatness  below  is  due  to 
the  tendency  of  the  larger  fragments  to  roU  down  and  flatten  the 
slope  at  the  bottom. 

COMPBESSOB  PLANT. 

The  air-compressing  plant  contains  two  Nordberg  compoimd  com- 
pressors, each  driven  by  a  200-horsepower  electric  motor.  The  air, 
when  compressed  to  90  pounds  per  square  inch,  is  stored  in  two  steel 
cylindrical  receivers  4^  feet  in  diameter  and  about  13  feet  long. 
One  of  these  is  a  discarded  steam  boiler  that  serves  its  purpose 
reasonably  well;  the  other  was  built  as  an  air  storage  tank.  From 
these  reservoirs  pipes  distribute  the  air  to  the  places  in  the  workings 
where  it  is  needed  to  operate  the  tripod  and  small  hammer  drills, 
and  the  few  chum  drills  that  formerly  used  steam  but  now  use  air. 
The  power  chaises  against  the  compressor  are  $550  to  $650  per 
month. 

CENTBAL  POWEB  PLANT  AND  POWEB  BISTBIBTJTION. 

The  Chino  company  has  its  power-generating  and  power-distribut- 
ing center  at  Hurley,  where  the  concentrating  plant  is  situated. 
Power  is  distributed  in  the  form  of  electrical  enei^  generated  in  a 
large  modemly  equipped  steam-driven  plant.  When  the  plant  was 
visited  by  the  authors  in  1914,  steam  was  supplied  from  eight  Heine 
safety  boilers,  each  of  445  horsepower  capacity.  One  or  two  of 
these  were  always  in  reserve,  or  being  cleaned,  or  imdergoing  repairs, 
while  the  others  were  in  active  operation.  Two  additional  419- 
horsepower  boilers  were  being  added.  The  boilers  wore  equipped 
with  superheaters,  and  with  mechanical  stokers  of  the  Greene  and 
American  types.  They  used  natural  draft,  except  the  two  new  ones, 
which  had  forced  draft. 
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Hie  plant  operated  with  steam  at  a  pressure  of  180  pounds  and 
heated  to  370®  F.  One  fireman  and  two  helpers,  per  eight-hour  shift, 
operated  the  plant.  The  additional  boilers  called  for  two  more 
helpers  per  24-hour  day.  In  the  boiler  room  were  also  two  boiler 
washers  and  one  repairman.  Feed  water  heated  to  a  temperature  of 
190*^  to  195®  F.  by  Stilwell  heaters,  and  measured  by  V-notch  weirs, 
is  supplied  to  the  boilers  by  three  automatically  controlled  pumps, 
each  8  by  12  by  7  by  12  inches. 

The  boilers  supplied  steam  to  three.  Nordberg  compound  engines, 
each  27  by  60  by  48  inches.  Each  engine  drove  a  1,250-kw.,  480-volt, 
Allis-Chalmers  generator.  Steam  was  also  suppUed  to  a  150-horse- 
power  Ballwood  tandem  compoimd  engine,  which  drove  a  100-kw., 
250-volt,  Allis-Chalmers  generator.  Another  100-kw.,  250-volt,  gen- 
erator, of  the  Westinghouse  type,  was  driven  by  a  150-horsepower 
Westinghouse  steam  turbine,  and  one  100-kw.,  2507volt,  AlUs- 
Chalmers  generator  was  driven  by  a  150-horsepower  AUis-Chalmers 
alternating-current  motor.  There  were  other  smaller  motors  about  the 
plant.  A  Worthington  surface  condenser,  operated  by  steam-driven 
dry-vacuum  and  motor-driven  wet-vacuum  pumps,  provided  water  for 
each  dynajno  engine. 

The  water  from  these  condensers,  the  condensate,  was  pumped 
into  a  series  of  baths,  in  which  the  cylinder  oil  and  graphite  was 
removed.  The  cleaned  water  was  then  returned  to  the  feed-water 
storage  tanks  in  the  boiler  house.  The  exhaust  from  the  other 
engines  went  direct  to  the  feed-water  heater.  The  water  for  cooling 
the  condensers  was  circulated  by  two  16-inch  Worthington  volute 
pumps  driven  by  200-horsepower  Alhs-Chalmers  induction  motors 
operated  at  690  revolutions  per  minute  against  a  pressure  of  37 
pounds.  Only  one  of  these  pumps  was  used  at  a  time,  the  other 
being  held  in  reserve. 

During  July,  1914,  the  cost  for  the  coal  used  at  the  Hurley  plant 
was  33.2  cents  per  1,000  poimds  of  steam  generated,  and  during  Sep- 
tember it  was  32.7  cents. 

In  the  transformer  room  the  plant  contained  two  banks,  each  of 
three  single-phase,  400-kLlovolt-ampere,  60-cycle,  Allis-Chahners 
transformers,  oil-insulated  and  water-cooled.  These  transformers 
could  be  run  in  multiple  or  separately,  and  they  stepped  the  current 
from  480  to  24,000  volts. 

Attached  to  the  power  plant  there  was  an  oil-filtering  plant  for 
treating  used  oil.  It  had  a  capacity  of  25  gallons  per  minute  and  a 
storage  capacity  of  450  gallons.  The  used  oil  drahied  by  gravity  to 
the  filtering  room  and  three  small  double  pumps  circulated  it  to  the 
pressure  filter  tanks.  After  filtration,  the  oil  was  forced  by  air 
pressure  to  the  engine  room  for  reuse.    All  oil  pipe  Unes  leading  to 
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and  from  the  filter  room  were  colored.  For  example,  yellow  indicated 
engine  oil,  brown  indicated  the  cylinder-oil  drain  to  the  filter,  green 
the  crank-pin  oil  drain,  etc.  The  cylinder  oil  required  two  filterings. 
The  cotton  waste  was  cleaned  by  a  centrifugal  machine. 

During  the  year  1913  the  power-generating  plant  had  a  net  output 
of  24,198,633  kilowatt  hours.  The  average  cost  for  the  year  for 
current  deUvered  to  the  feeder  circuits  on  the  switchboard  was 
$0,012  per  kilowatt-hour,  not  including  the  distribution  losses.  An 
analysis  of  this  cost  is  given  in  the  following  table: 

Analysis  of  cost  of  generating  power  at  Santa  Rita  plant  in  191S, 


Item. 


OytfliMMl  expense,  direct  supervision 

Labor,  operating 

Labor,  repairs. .- 

Supplies,  operating 

RepAir  materials 

Total  direct  cost 

Overhead  expense,  general  administrative  (estimated) 

Taxes  (estimated)'. 

Fire  insurance  (estimated) 

Interest  on  plant,  $563,000.  at  0  per  cent 

Depreciation,  4  per  cent  (amortization  fund  based  on  15-year  life.  6.66  per 
cent  depreciation  at  6  per  cent  Interest,  compounded  semiannually) 

Gross  cost  of  generation 


Total  oast. 


96,081.68 
27,970.48 

8,864.88 
167,649.56 

4,597.14 


215,163.74 

7,600.00 

£,530.00 

1,383.00 

33,180.00 

22,120.00 


284,976.74 


Cost  per 

Uloivatt- 

hour. 


10.000231 
.001156 
.000366 
.006028 
.000190 


.008890 
.000314 
.000229 
.000057 
.001371 

.000014 


.011776 


During  the  month  of  September,  1914,  the  Santa  Rita  operations 
consumed  105,529  ^lowatt-hours.  The  distribution  of  power  for  the 
month  of  July,  1914,  when  the  mine  was  operating  at  normal  capacity, 
and  for  September,  1914,  when  it  was  operating  at  about  50  to  60  per 
cent  capacity,  was  as  follows: 

Distribution  of  power  in  Santa  Rita  operations  during  two  months. 

JULY,  1914. 


Item. 


MlUlnff 

Pumping 

Currentior  town  of  Santa  Rita. 

Shops 

Li^ts 


Total. 


Kilowatt- 
hours. 


1,521,101 

478,514 

202,246 

12,150 

30,560 


2,244,571 


Electrical 
horsepower- 
hours. 


SEPTElfBER,  1914. 


MilUnff 

Pumping 

Chirrentior  town  of  Suita  Rita. 

Shops 

Li^ts 


Total. 


981,331 

342,971 

105,529 

12,150 

22,913 

1,464,804 


2,039,011 

641,439 

271,107 

16,286 

40,965 


3,008,808 


Kilowatts. 


2,044.49 

643.16 

271.84 

16.33 

41.07 


3,016.89 


Electrical 
horsepower. 


1,315,459 

450,746 

141,459 

16,286 

30,714 

1,963,664 


1,362.97 

476.34 

146.57 

16.87 

31.82 

2,034.57 


2.740.60 

862.15 

864.39 

21.89 

55.06 


4,044.09 


1,827.04 

638.54 

196.47 

22.61 

42.65 

2,727.31 
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SANTA  BITA  POWEB  AND  SHOP  EQUIFMBNT. 

A  high-tension  transmission  line  from  the  company's  electric 
power  station  at  Hurley ,  about  11  miles  south,  furnishes  power  to 
operate  the  shop  machines,  compressor,  plant  for  crushing  coarse 
material,  pumps,  etc.,  and  to  light  the  town  of  Santa  Rita.  The 
line  is  designed  to  carry  a  pressure  of  24,000  volts,  but'  this  high 
pr^sure  is  stepped  down  by  transformers  at  Santa  Rita  to  440  volts 
for  use  in  motors  and  to  110  volts  for  lighting. 

In  general,  the  repair  plant  may  be  said  to  consist  of  a  machine 
shop,  with  blacksmith  and  boiler  shops  attached,  and  a  carpenter 
shop.  At  the  time  of  the  authors'  visit  in  1914,  the  working  force 
of  the  mine  had  been  considerably  reduced,  owing  to  war  condi- 
tions. At  that  time  the  machine  shop  employed  3  blacksmiths,  4 
blacksmith  helpers,  1  drill  sharpener  and  helper,  9  machinists,  5 
machinist's  helpers,  4  boilermakers,  4  boilermaker's  helpers,  and  9 
c&r  repairers.  The  blacksmiths  and  machinists  were  paid  $4.50  for 
9  hours  and  the  boilermakers  $5.  The  car  repairers  got  $3  to  $4  for 
9  hours.    All  the  helpers  were  paid  $2.50  to  $3  for  9  hours. 

The  shop  equipment  was  as  follows: 

Sliop  equipment  of  Chino  Copper  Co.  in  1914. 


3  emery  wfaeeLs:  1  wet,  1  dry,  and  1  drill 

grinder. 
1  American  planer. 
1  Long  &  Allstatler  punch  and  shears. 
1  Watson  Stillman  portable  wheel  prees. 
1  6-ton  hand  crane. 

1  power  hack  saw. 

2  Buffalo  foige  blowers,  operated  by  a 
Allis-ChalmerB  25-hor8epower  motor. 


1  Sellers  power  hammer,  operated  by  air. 

1  coke  furnace  for  extra-heavy  forging. 

2  blacksmith  foiges. 

3  lathee:  1  Davis,  12-inch;  1  Bradford,  18- 
inch;  and  1  Pond,  36-inch. 

1  Acme  bolt  cutter. 
1  Williams  pipe  machine. 
1  Barnes  diiU  press. 
1  Miles  radial  drill. 
1  Steptoe  shaper. 

In  the  drill-sharpening  shop,  a  No.  3  Leyner  drill-sharpening 
machine,  operated  by  two  men,  took  care  of  aU  Uie  steel  for  the  tripod 
drills.  In  this  shop  there  was  also  a  boiler  flue  scaling  machine,  an 
oil  furnace  for  heating  flues,  a  flue  welder,  a  flue  swedging  machine, 
wd  a  circular  saw  for  cutting  wood,  all  driven  by  a  15-horsepower 
motor. 

Before  the  water^of tening  plant  was  installed  the  locomotive  and 
steam-shovel  flues  had  to  be  taken  out  and  the  scale  removed  about 
every  three  months,  at  great  expense.  Subsequently  the  frequency 
of  scaling  has  been  reduced  to  about  once  each  year.  Flues  are 
welded,  swedged  wherever  necessary,  and  used  over  again.  The 
composition  of  the  boiler  scale  taken  out  was  about  as  follows: 
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Composition  of  boiler  scale  from  flues  of  CTdno  Copper  Co. 

Ccsistituent.  Per  oeot. 

Volatile  matter 33 

Insoluble 13 

AlaOs 6 

FeaO, 14 

MgO.^ 1 

CaO 28 

COj 3 

S 2 

Total 100 

Locomotive,  steam-shovel,  drill,  and  pump  parts  were  kept  in 
stock.  Car  axles,  car  wheels,  and  all  castings  were  received  in  the 
rough  and  were  machined  in  the  company's  shops  when  needed. 
Locomotives  and  steam  shovels  were  practically  rebuilt  on  the 
premises  when  necessary. 

The  carpenter  shop,  a  large  building,  had  a  lumber  yard  attached 
in  which  about  100,000  feet  of  material  was  always  kept  on  hand. 
A  26-horsepower  motor  drove  a  circular  saw,  a  handsaw,  a  swing 
cutroS  saw,  a  lathe,  and  other  accessories.  Nine  carpenters  and  four 
helpers  were  employed  in  1914.  Carpenters  were  paid  $4.50  per  day 
of  9  hours  and  their  helpers  up  to  $3  per  day.  Mexican  laborers 
working  aroimd  the  carpenters'  shop  got  $2  per  10-hour  shift.  The 
construction  and  repair  of  all  the  company's  dwelling  houses  and 
other  buildings,  as  well  as  bridge  building,  timber  framing,  etc.,  came 
under  the  charge  of  the  foreman  carpenter. 

POWER   COSTS. 

During  the  month  of  September,  1914,  after  the  mine  work  had 
considerably  slowed  down,  105,529  kilowatt  hours  of  electrical  energy 
was  used  at  Santa  Rita  at  a  total  cost  of  SI, 075.31.  Of  this  cost 
$247.10  was  for  labor,  and  $828.21  for  supplies.  The  distribution  of 
the  cost  was  as  follows: 

Distribution  of  cost  of  power  gemratedfor  town  ofSanUi  Rita  by  Ckino  Copper  Co. 


Item. 


Compressor 

If  acAine  shop 

Assaying  ana  sampling 

Mine  drainage;  electric  ptmips. 
Water  supply;  8  pampmg  sta- 
tions  


Per  cent. 


40 
3 
1 
6 

15 


Cost. 


$430.12 
32.26 
10.75 
64.52 

161.30 


Item. 


Carpenters'  shop 

Light  service,  town  lights,  etc 
Crusher  operation 

Total 


Percent. 


1 

8 

26 


100 


Cost. 


$10.75 

86.03 

279.58 


1,075.31 


This  cost  amounts  to  1.02  cents  per  kilowatt-hour,  or  0.76  cent  per 
horsepower-hour.  Assuming  that  the  power  was  used  for  720  hours, 
the  number  of  hours  in  the  month^  the  cost  per  horsepower  per  month 
was  $5.47. 
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WATEB  ST7PPLY  AT  SANTA  BITA. 

The  somewhat  arid  climatic  conditions  of  the  region  give  particular 
importance  to  a  water  supply  adequate  to  the  needs  of  such  extensive 
mining  operations  as  those  at  Santa  Rita.  However,  a  series  of  wells 
aad  some  small  streams  supply  ample  water  and  a  water^oftening 
plant  eliminates  the  excess  of  calcium  and  other  salts  and  renders 
the  supply  satisfactory  for  domestic  and  boiler  use. 

The  largest  well  at  Santa  Rita  is  the  Finder.  It  is  near  the  bed 
of  Santa  Rita  Creek,  and  much  of  its  supply  comes  from  the  sub- 
surface flow  of  that  creek.  A  Dean  triplex  9-inch  by  12-inch  elec- 
tric pump  lifts  the  water  from  this  well  and  forces  it  through  3,600 
feet  of  pipe  against  a  difference  in  elevation  of  about  410  feet.  The 
diameter  of  the  discharge 

aperture  of  the  pump  and  a«»c«>>/»»- 

of  the  first  30  feet  of  the 
pipe  is  7  iQches;  the  next 
2j50O  feet  is  8-inch  pipe,  and 
the  last  1;100  feet  is  12- 
inch  pipe.  The  gage  on  the 
water  pipe  near  the  pump 
shows  a  pressure  of  about 
200  pounds  per  square  inch. 
Against  this  pressure  the 
pump  throws  175  to  200 
gallons  per  minute,  more  or 
less.  It  is  operated  by  an 
Allis-Chalmers,  75 -horse 
power,  three-phase  motor, 
using  a  440-volt  current.  The  curvature  of  the  pipe  line  and  the 
lengths  of  the  different  sizes  of  pipe  are  shown  in  figure  15.  The 
well  is  also  equipped  with  a  steam  auxiliary  plant  for  use  in  case  of 
necessity.  During  October,  1914,  4,965,230  gallons  was  pumped 
from  the  Pinder  well. to  the  water-softening  plant,  or  at  the  average 
rate  of  10,558  gallons  per  hour  of  pumping.  In  addition,  1,449,782 
gallons  was  pumped  for  domestic  purposes  from  "drill  hole  I"  and 
1,440,450  gallons  from  the  Booth  well  for  general  supply. 

Eadi  blast-hole  chum-driU  machine  uses  about  200  to  300  gallons 
of  water  per  eight  hours.  » The  larger  prospecting  chum  drills  each 
use  about  500  gallons  per  eight  hours  for  all  purposes.  Steam 
shovels  each  require  6,000  gallons,  and  mine  locomotives  about  4,000 
gallons  each  per  10  hours. 

43603**— BuU.  107—16 6 
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FXGUBE  15.^Hori2ontal  curvature  and  lengths  of  difleraot 
sizes  of  pii>e  of  Pinder  well  pijM  line. 
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WATER-SOFTENING  PLANT. 

A  Reisert  automatic  water-softening  plant,  with  a  capacity  of 
9,000  gallons  per  hour,  takes  the  excess  of  calcium  and  aUied  salts 
out  of  the  water  so  as  to  make  it  suitable  for  boiler  use.  The  plant 
is  situated  on  a  hill,  about  300  feet  above  the  town  and  about  350 
feet  above  the  mine,  where  the  water  is  mostly  required. 

Figure  16  shows  the  flow  sheet  of  the  plant.  The  raw  water  is 
admitted  to  the  bottom  of  the  saturator,  where  it  comes  into  con- 
tact with  cream  of  lime  previously  supplied  from  the  lime-mixing 
or  slaking  compartment.  In  rising  and  mixing  with  the  cream  of 
lime,  the  raw  water  reaches  the  top  of  the  tank  in  a  saturated  con- 
dition and  nearly  clear.  From  the  lime  saturator  it  flows  into  the 
mixing  pan  at  the  top  of  the  settling  tank,  coming  into  contact  there 
with  raw  water  and  with  soda  ash  solution  from  the  soda  compart- 
ment. The  proper  proportions  of  these  inflowing  solutions  are  auto- 
matically r^ulated  by  float  valves.  After  the  raw  water,  the  sat- 
urated lime  water,  and  the  soda  ash  solution  have  been  thoroughly 
mixed  they  pass  from  the  mixing  pan  through  the  downtake  pipe 
to  the  bottom  of  the  settling  tank.  From  there  the  mixture  slowly 
rises  to  the  top,  and  the  precipitates  resulting  from  the  chemical 
reaction  slowly  settle  out.  At  the  top  the  water  is  fairly  clear, 
but  it  overflows  into  filter  tanks  where  the  last  of  the  suspended 
matter  is  removed.  Emerging  from  these,  it  goes  to  a  stor- 
age tank  ready  for  use*  The  filter  tanks  are  washed  out,  whenever 
necessary,  by  reversing  the  flow.  The  soUd  matter  may  be  drawn 
from  the  bottom  of  the  settling  tank  by  opening  a  valve. 

The  plant  is  operated»by  one  man  under  the  supervision  of  the 
mine  assayer.  The  mechanical  regulation  and  operation  of  the  plant 
can  be  taught  to  the  average  operator  in  a  few  days. 

FOEL. 

The  fuel  used  by  the  Chino  company  comprises  bituminous  and 
subbituminous  coals  from  northern  New  Mexico.  Rim-of-mine  coal 
and  No.  2  lump  are  principally  used.  Under  normal  working  ccwi- 
ditions  about  63,000  tons  is  used  annually  at  Santa  Rita.  The 
average  cost  of  coal  delivered  there  is  $4.35  per  ton,  more  than 
half  of  which  is  for  freight  chaises. 

When  received  the  coal  is  unloaded  to  storage  piles.  To  keep  the 
temperature  down  and  prevent  fires  from  spontaneous  combustion, 
the  piles  are  built  around  ventilating  stacks,  which  are  wooden 
conduits  a  foot  square  made  out  of  1-inch  or  IJ-inch  boards  in 
which  many  holes  have  been  bored  (PL  V,  B). 
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^xma  le.~71o«  ibeet  of  Santa  Rita  WBtw-wfWnhig  plant,  t.  Drains  fllta-  to  top  oi  sutt«rr  *,  raw 
ntn  hiM  to  nda  compart maDt;  5,  ratt-nata  Inlet  to  nv-vnla  compartment;  4,  rw-wat^r  Inlat 
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toll(hthiBd;  7,  ttcat«d-wat«r  outlet;  S,  air.  valve  tor  clnnlnE  filUr;  S,  open  pipe  for  cleaning  lime  pax- 
sat*;  10,  opsn  pipe  [or  cleaning  llma-Baturator  outlet;  II,  Gontitils  flow  ol  raw  iratar  through  traatlng 
pilot;  If,  csntrob  flow  of  aaturated  lime  Wats';  IS,  aoda-sDlutlon  outlet;  I  J,  drain  tor  cleaning  out  soda 
nmpvtmnt;  is,  drain  for  cleaning  out  raw'Wabr  oompartnunt;  IB,  passage  from  llnK-mLihig  com- 
piitiiienttosataTatoi;  so,  ntUInf  lent. 
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MINING  COSTS. 

Economy  of  production  is  th^  policy  that,  other  things  being  equal, 
offers  the  greatest  opportunity  for  success  in  mining,  as  in  most  other 
lines  of  business.  The  cost  figures  established  by  the  Chino  company 
should  be  of  interest,  not  only  to  mining  men,  but  also  to  engineers 
and  contractors  who  have  to  do  with  excavations  of  various  kinds. 

The  total  average  cost  for  blasting,  loading,  and  hauling  per  ton  of 
ore  for  the  period  October,  1910,  to  September,  1914,  was  about  20 
cents;  of  this,  about  12  cents  was  for  labor  and  about  8  cents  for 
supplies.  The  lowest  average  monthly  cost  was  12.9  cents  per  ton, 
7.8  cents  of  which  was  for  labor  and  6.1  cents  for  suppUes.  The 
highest  average  monthly  cost  was  60.5  cents  for  July,  1911;  43.5 
cents  of  that  cost  was  for  supplies  and  17  cents  for  labor.  The  pur- 
chase of  an  unusually  large  store  of  supplies,  charged  against  this 
month,  caused  this  abnormally  high  average. 

The  total  average  cost  of  stripping  per  cubic  yard,  from  October, 
1910,  to  August,  1914,  was  31.5  cents,  equivalent  to  16.2  cents  per 
ton.  Of  this,  20.1  cents  was  for  labor  and  11.4  cents  for  supplies. 
During  the  same  period,  the  lowest  monthly  average  cost  per  cubic 
yard  was  23.4  cents,  16.2  cents  of  which  was  for  labor  and  2.8  cents 
for  supplies.  The  highest  monthly  average  cost  was  36.8  cents  per 
cubic  yard,  of  which  24.3  cents  was  for  labor  and  12.6  cents  for 
supplies. 

During  the  year  1913,  the  average  cost  of  mining  and  hauling  to 
the  mill  and  dumps  all  classes  of  material  was  36.87  cents  per  cubic 
yard.  The  cost  of  handling  waste  alone  was  33.43  cents  per  cubic 
yard  in  place,  or  a  Uttle  over  16  cents  per  ton.  The  cost  per  ton  for 
blasting,  loading,  and  hauling  the  ore  was  23.13  cents  per  ton.  In 
general  the  cost  per  ton  is  greater  for  ore  than  for  waste  because  of 
the  limited  areas  in  which  ore  is  loaded  and  the  consequently  more 
intermittent  character  of  the  loading.  Other  delays  arise  from 
occasional  shortage  of  standard  railroad  cars  for  loading  ore.  The 
breaking  of  large  blocks  of  ore  by  blasting  formerly  added  something 
to  the  ore  cost.  The  new  plant  for  crushing  coarse  material  at  the 
mine  is  intended  to  obviate  such  blasting. 

MILLING. 

About  10  miles  southwest  of  the  terminus  of  the  railroad  line 
at  Santa  Rita,  it  emerges  from  the  narrow  winding  Whitewater 
Valley  and  gains  the  open  plateau.  Near  here,  with  many  miles  of 
open  coimtry  in  which  to  expand,  the  mill  town  of  Hurley  was  laid 
out,  and  the  concentrating  plant  was  built.  The  discussion  follow- 
ing is  not  intended  to  be  a  complete  description  of  this  splendid 
modem  mill,  but  it  calls  attention  to  certain  details  not  mentioned 
in  the  account  of  the  mining  operations. 
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The  ore  is  hauled  from  the  mine  to  the  mill  by  the  Santa  Fe  Rail- 
road Co.  Each  train,  handled  by  one  locomotive  and  composed  of 
25  to  27  50-ton  steel  cars,  carries  1,250  to  1,350  tons  of  ore.  At 
Huriey  the  cais  are  run  out  on  a  very  high  trestle  over  the  top  of  the 
crude-ore  bins,  into  which  they  dischai^e  by  gravity.  The  course  of 
the  ore  through  the  crushing  plant  at  the  mill  is  shown  by  figures  17 
and  is. 

Daeription  of  ■parU  i&wm  in  figvtt  17. 

I.  nnj^caddA-diiiiipcrfiMn.    Walght  DlBu-.MpToapoimds.    Lsugtn, 3S test. 

i,  Gtinlin  ol6D-pa(uid  rtSi  over  bbu;  opeiDtDKB,  13  by  13  Inchea, 

).  Ou<l»<r«  bbu.    Tolal  itonge  capocltr.  l^.I'XI  ton:  aTsUablt  stangt  capacity  wtUidut  poUnc,  fi.000 

(ms;  MCh  bin  M  [«t  wlda  br^lS  iHt  e  luelua  d«p  by  300  iMt  Icng  Inside. 
L  Forty  iMdvB  ol  tbc  eatarpUlar  typ*.   Speed  of  sproD,  10  leet  per  minute:  cspadly  of  each  lender,  1.39 


i.  Tiroao-tiicbcmvsyoT  belts  moving  24!>[cet  per  mlntits;  About  3X1  feat  fr 


FimntB  17.— Flow  abeet  of  plant  lor  cnuhlng  eoarsa  nuterU,  Hmley  mill. 

(.  Grinl;,  1  incb  by  4  fnt  by  12  leet;  bara  1  Inch  by  \  Inch  by  3  Inchis. 
'.  Giluly,  1  Inch  by  4  feet  by  11  feet;  ban  ]  Inch  by  }  bch  by  3  Inches. 

i.  No.  8  ifoMally  cntsher:  37Srevolot[oiis  per  minute:  ctushbiK  to  3  Inches  maximum  slu. 
i.  ElevMor;  belt  3«  bcha,  13  ply;  head  pulley,  W  by  3S  inches;  boot  pulley,  4S  by  3S  Inchea:  48  feet  4 
tncbH  from  canter  line  tocenlarllna:  bait  speed,  440  l«t  par  minute;  buokets,  17)  by  Bby  lo  indue! 


ID.  Grioly,  1  fnch  by  4  feet  by  B  feet:  bars,  ]  incb  by  \  inch  by  3  Inches. 

".  Rolls,  73  by  X  inches;  peripheral  speedof  roll  ihells  when  new,  1,000  laat  per  minute. 

".  Orlnly,  2i  liiches  by  3  feet  by  S  feet  S  Inches;  for  removing  largi  placea  ol  native  capper,  wood,  etc. 

').  Steal  plattcvm  at  bottom  of  grluly. 

It  Tvanty-hich  ccDveyor  belt;  30  feet  from  oantf r  IbiB  to  oenter  Line;  lncilnaU(K,SO':  speed, 330feet  per 

minata. 
«.  Orlaly,  1  inch  by  J  feet  by  7  feec. 
".  Cmwyirlielt,  3S  inchea  wide;  about  376  feet  front  center  line  tocenler  line:  maximum  incllnatlai,  30*; 

speed,  30O  feet  per  mlnula. 
I?.  PrtaHryaunpler:  cuts  gampleever;  Ave  minutes. 
H.  Recajvicg  hopper. 

'».  Two  34-lach  ahuttla  cmvnyors;  3f-b>ah  belts,  la)  feel  long;  speed,  3M  feat  per  minute. 
fO.  Ten  steal  tanks,  24  feet  S  Inehes  in  dlaizuter  by  40  feat  high. 
IS.  Rolls,  14  by  37  Inches. 

M.  Veiin  sampler,  cuts  20  per  cent  ol(M)  roll  product. 

"-  Elerita-,  ratomtng  material  rejected  from  samplers  to  bins  (or  One  ore;  G-ply  belt,  0  Inches  wide. 
1-  noaroo  which  sample  Is  quartarsd  by  hand. 
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Description  of  parts  shovm  in  Jigture  18. 

1.  Tiob-isn  bins;  two  cyllndrica]  steel  tanks  24  foet  6  incbes  in  diameter  by  40  feet  deep;  approximate 

capacity  1,000  tons  each. 
B.  Foot  feeders  of  the  caterpillar  type. 

5.  Two  TK^tnch.  belt  conveyors,  about  20  feet  from  center  line  to  center  line;  speed,  250  feet  per  minute. 

4.  Two  24-inch  wet  elevators;  24-inGh,  12-pJy  belts;  speed,  400  feet  per  minute;  about  62  feet  from  center 
line  to  center  line;  backets  staggered  on  belts;  pitch  of  alternate  buckets,  9  inches;  buckets  12  by  7 
by  8  inches. 

6.  Six  36-ineh  by  48-inch  impact  screens;  600  Impacts  per  minute. 

8.  Two  42>indh  by  16-lnch  rolls;  peripheral  speed  of  shells  when  new,  1,000  feet  per  minute. 

7.  Four  36-inoh  by  48-inch  impact  screens;  600  impacts  per  minute. 

8.  Two  Jigs  with  two  6-mesh  screens  each;  screens  24  by  36  inches;  112  revolutions  per  minute;  l^inch 

stroke.  ' 

9.  One  30-inch  wet  elevator;  30-inch,  12-pIy  belt;  speed,  450  feet  per  minute;  60  feet  from  center  line  to 

center  line;  buckets,  15  by  8  by  10  inches,  staggered  on  belt;  pitch  of  alternate  buckets,  0  incbes. 
10.  Four  4-spigot  Rlchards-Janney  claasiftors. 

U,  Two  desandtng  tanks,  b  feet  3  inches  by  7  feet  2  inches  by  6  feet  0  inches  deep. 
Si.  Chilean  mill  feed  tank,  3  feet  by  24  feet  by  6  feet  6  inches  deep. 
IS.  Three  Qaifleld  Chilean  mills,  82^  revolutions  per  minute. 

14,  Two  three-spigot  Richards^anney  classifiers. 

15.  Two  thzee«plgot  Richards^anney  classifiers. 
18.  Four  flvo«pigot  RichardflJanney  classifiers. 

17.  Six  4-foot  by  12-foot  Garfield  tables;  245  revolutions  per  minute;  |-inch  stroke. 

18.  Two  4-foot  by  12-foot  Qarfield  tables;  24fi  revolutions  per  minute;  |-inch  stroke. 
18.  Two  4-foot  by  12-foot  Oarfleld  tables;  245  revolutions  per  minute;  {-inch  stroke. 
to.  Two  4-foot  by  12-foot  Oarfleld  tables;  245  revolutions  per  minute;  {-inch  stroke. 
$1.  Two  4-foot  by  12-foot  Oarfleld  tables;  245  revolutions  per  minute;  {-inch  stroke. 
U.  Six  No.  5  WUfley  tables;  245  revolutions  per  minute;  {-inch  stroke. 

83.  One  double  thiee-compartment  Jig;  188  revolutions  per  minute;  2-inch  stroke;  26-inch  by  38-incfa 

screen;  first  and  second  compartments,  7-me8h,  0.035  brass  wire;  tail  screen,  Q-meeh,  0.035  brass  wire. 

84.  Four  Isbell  vanners;  corrugated  belts,  6  by  10  feet;  2-inch  side  stroke;  130  revolutions  per  minute; 

7{-inch  slope. 
88  and  98.  Each  consists  of  four  vanners  same  as  84,  but  having  7-inch  slope. 

87.  Four  vaimers  same  as  84,  but  having  6i-inch  slope. 

88.  Four  vanners  same  as  84,  but  having  6-inch  slope. 

89.  Four  vanners  same  as  84,  but  having  7-inch  slope. 

80.  Four  vanners  same  as  84,  but  having  6-inch  slope. 

81.  Four  vanners  same  as  84,  but  having  6-inch  slope. 

88.  Twelve  vanners  same  as  84,  but  having  smooth  belts;  120  revolutions  per  minute;  4i-inch  siopa. 

88.  Thirty-two  vanners  same  as  88. 

34.  Twenty-eight  vanners  same  as  88. 

86, 88, 37,  and  38.  Each  consists  of  ten  steel-cone  tanks;  0  feet  5  inches  in  diameter;  60"  slope. 

39.  Fifteen  double  wooden  tanks;  water-recovery  plant,  equivalent  to  50  cone  tanks  or  10  cone  tanks  pv 

section;  serving  five  sections. 

40.  Two  slime  pumps. 

41.  Four  pumps;  10-inch,  special,  class  "  B  "  volute;  two  sets  of  two  each,  series  connected;  serve  five  sec- 

tions. 
48.  Two  muddy-water  sumps,  serving  five  sections. 

43.  Four  pumps;  10-inch  discharge;  special,  class  "  B  "  volute,  serving  five  sections. 
^.  Two  sumps  for  all  vanner  concentrates,  serving  five  sections. 
45.  Two  4-tnch  centrifugal  pumps,  series  connected,  taking  material  from  sumps  44,  and  serving  five 

sections. 
48.  One4-compartment  Richard»Janney  classifier.  ^ 

47.  One  4-foot  by  12-foot  Oarfield  table,  modified. 

48.  One  4-foot  by  12-foot  Oarfield  table,  modified. 

49.  One  4-foot  by  i2-foot  Oarfield  table,  modified. 

50, 51,  and  58.  One  vanner  same  as  84,  but  having  6-inch  slopes 

63.  Concentrate  sump,  serving  five  sections. 

64.  Three  6-inch  centrifugal  concentrate  pumps,  serving  five  sections. 

65.  One  primary  concentrate  sampler^  Vesin  type,  serving  five  sections. 
56.  One  secondary  concentrate  sampler,  Vezin  type,  serving  five  sections. 

67.  Sixteen  concentrate  bins,  22  feet  6  inches  by  15  feet  by  12  feet  deep.    All  bins  are  served  by  a  4-toQ 

Oantry  crane  with  a  24  cubic  foot  clamshell  bucket. 

68.  One  tailings  sampler,  pendulum  type,  cutting  the  tailings  stream  onoe  in  6  minutes;  serves  five  sections. 
Noras.-S^  to  68  inclusive,  constitute  concentrate  cleaning  plant.   Three  such  plants  serve  five  sections. 
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Since  the  installation  of  the  crushing  plant  for  coarse  material  at 
the  mine,  the  grizzlies  {S,  fig.  17)  across  the  top  of  the  crude-ore 
bins,  con^sting  of  60-pound  rails  giving  openings  12  by  13  inches, 
are  seldom  needed.  The  capacity  of  the  receiving  bins  S  is  5,000 
tons,  and  they  discharge,  through  40  caterpillar  feeders,  4i  arranged 
along  the  bottom,  20  on  a  side.  These  supply  two  30-inch  conveyor 
belts,  6,  which  carry  the  ore  to  the  second  set  of  grizzlies,  6  and  7, 
from  which  the  imdersizes  drop  onto  the  main  belt  conveyor  16,  and 
^e  oversizes  go  into  a  No.  8  McNally  crusher,  8,  breaking  to  a  maxi- 
mimi  size  of  3  inches.  From  this  the  total  product  is  raised  by  an 
elevator,  9,  and  passes  over  a  third  grizzly,  10,  with  openings  |  by  ^ 
inch  by  3  inches.  The  oversize  from  this  goes  to  rolls  11  and  the 
undersize  to  the  main  belt  conveyor  16. 

Another  grizzly  gets  the  product  from  the  rolls  1 1 .  This  treatment 
is  mostly  to  take  out,  as  oversize,  flattened  pieces  of  native  copper, 
wood,  etc.  The  imdersize  goes  to  another  elevator,  14,  then  over 
another  grizzly,  16.  The  oversize  from  this  is  elevated  and  again 
passes  through  the  roUs  11,  the  undersize  going  to  the  main  belt  con- 
veyor 16.  The  latter  elevates  the  crushed  ore  to  a  receiving  hopper, 
18,  which  distributes  it'onto  shuttle-belt  conveyors,  19.  These  dis- 
charge  into  one  of  10  steel  ore  tanks,  24^  feet  in  diameter  and  40  feet 
high.  A  primary  sampler,  ^17,  cuts  a  sample  from  the  crushed-ore 
stream  every  five  minutes.  This  sample  passes  through  rolls,  £1 ,  and 
is  then  resampled  by  a  Vezin  sampler,  BS,  the  rejected  material  be- 
ing returned  to  the  fine-ore  bins  by  an  elevator,  SS.  The  sample 
retained  is  quartered  by  hand  on  a  table,  B4.' 

From  the  fine-ore  bins  (1 ,  fig.  18)  caterpillar  feeders,  S,  deliver  the 
ore  to  belt  conveyors,  S.  From  them  it  is  raised  by  an  elevator,  4, 
and  delivered  to  impact  screens  6,  with  the  oversizes  going  to  rolls 
6,  and  the  imdersizes  to  Garfield  tables  17.  The  product  from  the 
roUs  goes  to  other  impact  screens  7,  the  fines  from  which  go  to  Oar- 
field  tables  19,  and  the  oversizes  to  jigs  8.  The  jig  oversizes  go  back 
to  the  elevator  4,  and  the  concentrates  finally  reach  the  concentrate 
bins.  From  the  Garfield  tables  the  concentrates  go  to  Wilfley  tables 
S2,  and  the  tailings  go  back  by  elevator  9  to  classifiers  10.  Of  the 
five  products  from  these,  the  two  coarsest  go  to  Chilean  mills  IS  and 

15,  the  finest  to  desanding  tanks  11,  the  next  finest  to  fine  classifiers 

16,  and  the  intermediate  to  Garfield  tables  18.  All  the  products 
from  the  fine  classifiers  16  goto  vanners  £4  to  £8.  The  products  from 
the  Chilean  mills  IS  and  id  go  to  classifiers  14,  which  give  three 
products,  the  two  coarser  going  to  Garfield  tables  SO  and  SI  and  the 
finest  to  a  fine  classifier,  15.  The  three  products  from  the  latter  go 
to  vanners  29  to  SI .  The  Wilfley  tables  2S  give  three  products,  the 
coarse  tailings  going  back  by  elevator  9  to  classifiers  10,  the  interme- 
diate to  jigs  SS,  and  the  concentrates  to  concentrates  sump  6S  and 
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thence  to  storage  bins  57.  All  the  concentrates  from  vanners  Sjf.  to  SI 
go  to  sumps  44}  from  which  pumps  4S  elevate  them  to  the  cleaning 
plant  46  to  62.  The  tailings  from  the  vanners  go  out  onto  the  waste 
dump,  being  automatically  sampled  by  samplers  68  on  the  way.  The 
overflow  from  the  desanding  tanks  11  and  from  the  classifier  16  goes 
to  a  series  of  steel-cone  settling  tanks  S6  to  S8.  FVom  these  the 
overflow  goes  to  muddy-water  reservoirs  4^,  where  it  is  somewhat 
darified  by  settling,  so  as  to  be  used  over  again.  The  slimy  sediment 
from  the  cones  goes  to  smooth-belt  vanners  S2  to  S4f  which  give  tail- 
ings that  go  to  the  waste  dump  and  concentrates  that  go  to  the  clean- 
ing plant  46  to  6i,  This  comprises  a  Janney  classifier,  modified  Oar- 
fidd  tables,  and  vanners,  designed  to  handle  very  fine  material.  The 
concentrates  from  the  vanners  of  this  cleaning  plant  are  mixed  with 
the  concentrates  from  all  the  other  vanners,  and  go  through  the 
deaning  plant  again;  the  tailings  go  back  to  the  classifiers  10.  The 
intennediate  product  from  the  modified  Garfield  tables  of  the  clean- 
'  ing  plant  goes  back  to  Wilfley  tables  SZ  and  the  concentrates  from  the 
l&tter  go  to  the  concentrates  sump  6S  and  bins,  as  do  the  concentrates 
from  the  Wilfley  tables  and  the  overflow  from  the  classifiers  46  of  the 
deaning  plant. 

The  foregoing  outline,  in  conjunction  with  figures  17  and  18,  gives 
in  brief  form  the  chief  operations  of  the  mill.  Since  the  time  of  the 
authors'  visit  in  1914  alterations  and  improvements  have  been  added 
to  the  plant,  but  these  are  perhaps  too  technical  to  be  treated  in  any 
but  a  report  addressed  to  metallurgists. 

The  mill  has  a  maximum  capacity  of  almost  8,000  tons  per  24 
hours,  when  the  character  of  the  ore  is  favorable,  but  6,000  tons  is 
considered  a  fair  daily  average.  To  operate  the  total  milling  plant, 
consisting  of  five  concentrating  sections  similar  to  that  shown  in 
figure  18y  and  the  coarse-crusher  section  (fig.  17),  about  3,500  horse- 
power of  electrical  energy  is  required. 

The  average  extraction  for  1913  was  67.31  per  cent  from  1,942,700 
dry  tons  milled,  equivalent  to  5,322.4  tons  per  day.  Dming  a  period 
of  about  five  months  a  section  of  the  mill  was  idle  owing  to  modifies^ 
tion  in  the  scheme  of  treatment;  hence  the  tonnage  for  the  year  does 
not  represent  full  capacity.  The  ratio  of  concentration  for  the  year 
was  10.61  to  1,  with  the  concentrates  averaging  14.518  per  cent 
copper,  oF-a  recovery  of  27.37  pounds  per  ton  of  ore.  The  ore  treated 
for  the  year  averaged  2.033  per  cent  copper.  The  ratio  of  concentra- 
tion was  lower  than  in  1914  because  of  the  high  iron  content  of  certain 
of  the  ores  mined  during  the  year. 

The  ores  treated  during  1914  carried  less  iron  and  gave  a  better 
concentration.  For  the  month  of  September,  1914,  the  ratio  of  con- 
centration was  17.32  to  1,  from  101,300  dry  tons  milled.  The  lessened 
tonnage  treated  was  due  to  the  war  conditions.    The  actual  recovery 
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was  73.438  per  cent  of  the  copper  content  of  the  ore.  The  concen- 
trates carried  27.67  per  cent  of  copper.  Any  excess  of  silica  over  iron 
is  penalized  by  the  smelter.  Toward  the  end  of  1913  a  concentrate 
recleaning  plant  was  added  to  the  mill  and  this  helped  to  make  a 
cleaner  product;  thereby  lessening  the  freight  and  smelted  clptiges  on 
the  copper  actually  produced, 

HUBLBY  WATEB  SUPPLY. 

A  most  important  question  which  had  to  be  solVJed  before  a  site  for 
the  new  mill  could  be  decided  on  was  the  matter  of  an  adequate  water 
supply.  Suoh  a  supply,  it  was  fotmd,  could  be  obtained  from  springs, 
wells;  and  the  subsurface  flow  of  creeks  within  piping  and  pumping 
distance  of  the  miU  site  at  Hurley.  An  electrical  pumping  station  on 
the  ''B  Ranch"  has  a  capacity  of  750  gallons  per  minute.  The  pump 
is  an  11 -inch  by  124nch  Aldrich  triplex,  driven  by  a  75-horsepower 
motor,  which  has  to  overcome  a  head  of  250  feet.  Similar  pumping 
plants  are  on  the  Cameron  and  Whiskey  Creeks.  The  Apache  Tejo 
pumping  station  has  two  14-inch  by  18-inch  quintuplex  Aldrich 
pumps,  each  having  a  capacity  of  2,500  gallons  per  minute;  each  is 
driven  by  a  400-horsepower  electric  motor,  which  has  to  overcome  a 
total  head  of  400  feet.  Only  one  of  the  pumps  at  the  Apache  Tejo 
station  is  operated  at  a  time,  the  other  being  held  in  reserve.  The 
supply  of  water  for  domestic  use  in  the  town  of  Hurley  comes  from 
this  station. 

Two  reservoirs  are  in  use  at  Hurley,  one  for  clear  and  the  other  for 
muddy  water.  The  dear-water  reservoir  gets  the  water  from  the 
pumping  stations  above  described.  It  is  210  by  144  feet,  and  12 
feet  deep.  The  muddy-water  reservoirs  get  the  settled  water, 
already  used  in  the  mill,  and  caught  and  partly  settled  by  the  White- 
water No.  2  Dam.  The  size  of  this  reservoir  is  about  60  by  70  feet 
and  12  feet  deep.  The  muddy  water  is  handled  by  six  10-inch,  Glass 
B,  Worthington  volute  pumps,  each  having  a  capacity  of  2,500  gallons 
per  minute  against  a  head  of  about  95  feet,  and  each  driven  by  a 
75-horsepower  motor.  The  Whitewater  No.  2  Dam  and  the  settling 
reservoirs  near  it  have  a  storage  capacity  of  about  15,000,000  gallons. 
The  water  that  flushes  the  tailings  out  of  tne  mill  is  there  ponded  and 
settled  to  be  used  again.  When  the  new  spillway  at  the  White- 
water No.  1  Dam  is  completed  there  will  be  a  storage  capacity  for 
muddy  and  flood  water  of  500,000,000  gallons.  The  muddy  water, 
after  partial  clarification  by  settling,  is  used  over  again  on  certain  of 
the  tables  and  classifiers.  It  may  contain  up  to  4  or  5  per  cent  of 
solids. 

The  total  amotmt  of  new  water  used  in  the  miU  during  the  month 
of  July,  1914,  was  52,569,637  gallons.  With  this  about  660,000,000 
gallons  of  muddy  water  was  pumped  to  be  used  over  again.    The 
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total  ore  treated  during  the  month  was  188,400  tons.  The  water 
used  per  ton  of  ore  treated  was  325.6  gallons  of  new  water  and  2,961.8 
gallons  of  muddy  water,  a  total  of  3,287.4  gallons.  The  water  used 
for  domestic  purposes  in  the  town  of  Hurley  diuing  July  amounted 
to  8,768,775  gallons. 

MHiUNG  COSTS. 

The  total  average  cost  for  all  the  ore  treated  in  the  mill  up  to 
September,  1914,  was  58  cents  per  dry  ton.  In  1914,  the  lowest 
average  cost  for  one  month  was  47  cents  per  dry  ton,  for  June;  dur- 
ing that  month  201,000  dry  tons  was  treated.  The  highest  monthly 
average  was  58  cents  for  the  month  of  September,  1914,  with  only 
101,300  tons  milled.  Since  the  miQ  opened,  the  total  average  cost 
of  crushing  coarse  material  (fig.  17)  to  a  maximum  size  of  1}  inches, 
has  been  4  cents  per  dry  ton,  including  supplies,  operation  repairs, 
remodeling,  etc.  During  SeptemTber,  1914,  in  spite  of  the  lessened 
tonnage  handled,  the  crushing  of  coarse  material  amounted  to  only 
1.8  cents  per  dry  ton.  The  crushing  of  fine  material  to  a  maximum 
size  of  40  mesh,  has  cost,  on  the  average,  11  cents  per  dry  ton.  For 
September,  1914,  it  averaged  9.7  cents.  The  concentration  of  the 
crushed  material  on  the  different  tables,  vanners,  jigs,  etc.,  has 
averaged  about  13  cents  per  dry  ton. 

The  total  average  milling  expense,  since  the  mill  opened  up  to 
September,  1914,  expressed  in  cents  per  dry  ton  of  ore  treated,  is 
the  resultant  of  the  following  charges:  Light  and  power,  7.9  cents; 
water  service,  4.8  cents;  laboratory  and  sampling,  1.3  cents;  Hurley 
oflice  expense,  1  cent;  engineering  and  surveying,  0.2  cent;  tailings 
expense,  ponding  tailings,  etc.,  0.9  cent;  miQ  heating,  0.1  cent; 
warehouse  expense,  0.5^  cent,  making  a  total  direct  operating  expense 
of  16.7  cents  per  dry  ton  gf  ore  treated.  A  general  mill-expense 
clMqrge  of  6  cents,  probably  covering  experimental  mill  work,  etc., 
together  with  6  cents  for  administration  and  1.4  cents  for  mainte- 
nance, raises  the  cost  of  mill-operation  to  30.1  cents.  This,  when 
added  to  the  cost  of  crushing  coarse  and  fine  material  and  concen- 
trating, 4,  11,  and  13  cents,  respectively,  makes  the  grand  total  of 
58.1  cents  per  dry  ton  treated. 

When  the  mill  again  begins  to  handle  ore  up  to  its  full  capacity, 
the  recent  adjustments  and  improvements  made  in,  it  should  consid- 
erably better  these  general  average  costs. 

In  connection  with  the  Hurley  plant  there  is  a  large  assay  shop 
where  about  100  assays  per  day  are  made.  Experimental  work  on 
the  ores  is  also  carried  on  ia  a  weU-equipped  laboratory,  with  the 
object  of  still  further  reducing  the  cost  and  increasing  the  efficiency 
of  concentration. 
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REPAIR   SHOPS   AT   HURLEY. 

At  Hurley  there  are  also  storehouses  and  extensive  machine  and 
repair  shops.  The  completeness  of  the  latter  is  indicated  by  the 
following  list  of  equipment: 

Equipment  in  Chino  company  shops  at  Hurley. 

Equipment  in  mechanical  department. 

One  Woodward  &  Powell,  jr.,  patented  42-inch  by  42-inch  by  12-foot  planer. 

One  J.  G.  Blount  No.  5  double-head  emery  grinder. 

One  New  Haven  50-inch  by  24-foot  triple-geared,  screw-cutting  engine  lathe. 

One  Prentiss  24-inch  by  22-foot  engine  lathe. 

One  Davis  12-inch  by  8-foot  quick-change  gear  lathe. 

One  Steptoe  20-inch  back-geared  crank  shaper  complete. 

One  Blount  20-inch  wet  tool  grinder,  complete,  with  20-inch  by  2i-inch  emery 
wheels. 

One  Yankee  twist-drill  grinder. 

One  Williams  No.  5  12-inch  pipe  machine. 

One  Niles  5-foot  semiuniversal  radial  drill. 

One  Hoefer  21-inch  vertical  drill  press. 

One  Owen  No.  2  milling  machine. 

One  Acme  2-inch  single-end  bolt-threading  and  nut-tapping  machine,  claas  " A. " 

One  Cleveland  Punch  and  Shear  Co.  No.  0  plate-bending  rolls. 

One  Robertson  No.  2  rapid  power  hack  saw. 

One  Kyerson  1,200  pound  single-frame  steam  hanmier. 

One  American  36-inch  lathe,  with  18-inch  bed,  double  back-geared. 

One  American  No.  3  high-speed  radial  drill. 

One  Higley  No.  12  cold  metal  saw. 

One  Ryerson-type,  radial  drill,  with  8-foot  arm. 

One  Ryerson  &  Son  Cleveland  universal  splitting  shear. 

One  American  Tool  Works  18-inch,  new-pattern,  heavy-duty  engine  lathe. 

One  Cleveland  Punch  &  Shear  Co.,  style  C,  solid-frame  single  end  p\mch-and- 
shearing  machine. 

One  Acme  1-inch  single-bolt  cutter,  class  "A. " 

One  Green  River  No.  55  opening  die  bolt  cutter. 

One  Racine  high-speed  power  hack  saw,  6-inch  capacity. 

One  Brown  &  Sharpe  cutter  grinding  machine  No.  2. 

One  Lodge  &  Shipley  screw-cutting  heavy-duty  engine  lathe. 

One  Racine  high-speed  draw-cut  hack  saw,  6-inch  capacity. 

Carpenter-shop  equipment. 

One  power  mortising  machine. 

One  24-inch  single-cylinder  planer  and  matcher. 

One  24-inch  hand  planer  and  jointer. 

One  16-inch  variety  saw. 

One  Universal  16-inch  woodworker 's  saw. 

One  single-spindle  vertical  boring  machine. 

One  36-inch  band  saw. 

One  pattern  maker's  wood  lathe,  24-inch  swing. 

One  Buffalo  knife  grinder. 

One  Universal  No.  8-f  trinuner. 

One  double  emery-wheel  stand. 

One  36-inch  grindstone  with  iron  frame. 

One  24-inch  rip  saw. 

One  cut-off  saw,  36-inch  swing. 
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During  the  montli  of  June,  1914,  33  mechanics  and  helpers  were 
employed  in  the  mechanical  department,  and  8  carpenters  and  help- 
ers in  the  carpenter  shop  of  the  Hurley  shops. 

During  the  month  of  June  the  total  cost  of  repairs  at  Hurley, 
including  labor,  supplies,  and  overhead  charges,  was  1.96  cents  per 
dry  ton  of  ore  milled.  The  cost  for  September,  1914,  was  1.89 
cents,  and  for  April,  1916,  1.32  cents  per  dry  ton  milled. 

GENERAL  ENGINEERING.  DETAILS. 

9 

Where  operations  are  so  extensive  as  those  at  Santa  Rita,  neces- 
sarily a  wide  range  of  engineering  problems  is  presented  for  solution. 
Not  only  is  much  field  work  and  mapping  necessary,  but  a  great 
deal  of  yardage  measuring  and  computing  must  also  be  done  each 
month.  Railroad-engineering  problems  are  common,  and  jobs  in 
machine  design,  architecture,  reinforced  concrete  work,  hydraulics, 
etc.,  make  calls  on  the  engineering  staff  from  time  to  time.  This 
staff  embraces  a  chief  engineer  aud  five  to  eight  assistants. 

MONTHLY  ESTIMATES  AND  STATEMENTS. 

At  the  end  of  every  month  stripped  and  mined  areas  are  measured, 
and  the  yards  and  tonnage  are  computed.  The  measurements  are 
made  by  stadia,  and  the  information  is  plotted  on  a  coordinated 
aad  contoured  working  map,  which  has  a  scale  of  30  feet  to  the  inch. 
The  stadia  stations  are  accurately  located  by  transit  from  triangu- 
lation  points.  A  field  party  consists  of  a  transitman,  a  recorder, 
and  two  rodmen.  The  field  notes  are  recorded  in  the  transit  book 
m  the  foDowing  form: 


Specimen  record  in  transit  booh. 


Date 


Low  line  No.  8  Dump. 
Party:  ,  TianBitman; 


,  Recorder;  ,  Rodman  (top). 

,  Rodman  (bottom). 


[Field  pago.] 

[Office  page.] 

Station.^ 

B.S.b 

Horizon- 
tal angle.c 

Stadia 
distance.'' 

Vertical 
ang^* 

nigh  or 

low 
sights./ 

Horizon- 
tal di»- 
tanoe.9 

Vertical 
tance.^ 

JSleva- 
tion.A 

l2(H.I.4.0);elevatlan. 
6345.9 

AN 

862*00' 
3,W15' 
358*15' 

408 
388 
370 

+3*26' 
+4*45' 
+3*43' 

+2ft."(B;L.) 

408 
386 
370 

+24.5 
+32.1 
+24.0 

«370.4 
6370.0 

« 

6360.9 

o  Transit  station. 

^  Backsight  (on  trlongulatlon  station  N). 

<  Read  to  nearest  15  minutes. 

tf  Stadia  distance  road  to  the  Dearest  foot. 


«  Head  to  nearest  minute. 
/  High  or  low  sights  read  (called  "boot  leg"). 
0  Actual,  obtained  from  stadia  reduction  tobies. 
h  True  elevation  of  ground  calculated. 
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When  infonnation  similar  to  that  contained  in  the  specimen  state- 
ment is  put  on  the  map,  a  color  distinctive  from  that  used  the  previous 
month  is  employed.  Sections  across  the  entire  cut  or  dump  are 
taken  every  25  feet  and  are  plotted  as  shown  in  figures  19  and  20. 


FiGtnuB  10.— Plan  map  of  excavatioxi  and  of  filling  during  one  month.   The  dotted  lines  a  to  «  are  each 
^  drawn  through  points  having  approximately  the  same  elevation,  on  surface  of  previous  month's  exca- 
vation; solid  lines  i  to  4  show  points  having  same  elevation  on  present  surface.    Elevation  is  Indicated 
in  feet.    The  figuree  85  to  90  refer  to  sections  on  plotting  map;  68,  IZE,  refer  to  ooordinatea  of  drill 
holes  shown  on  engineer's  records  of  yardage  of  excavation. 

The  surface  as  measured  the  previous  month  is  shown  on  the  cross 
section  (fig.  20)  by  dotted  lines,  and  the  more  recent  surface  is  shown 
by  solid  lines.    A  plan  map  of  excavation  and  filling  for  one  month 


4-.-"' 


>tr6&  33/  sq,feef 


SECTION  A-B 

FxouKB  30.— Plotted  cross  section  of  month's  excavation.   Area  represented  is  that  of  a  vertical  onxB  sec- 
tion through  A  B,  in  figure  19.    The  dotted  line  represents  surface  as  measured  in  previous  month* 

is  shown  in  figure  19,  which  represents  an  area  of  which  figure  20 
shows  a  cross  section. 

The  end  areas  are  scaled  directly  off  the  cross  sections,  and  the 
average  of  the  two  end  areas,  multiplied  by  the  distance  between  the 
cross  sections,  gives  the  cubical  contents  of  each  excavated  block. 
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The  plotting' andi  (K)mputations  are  checked;  and  then  the  results  are 
entered  in  the  ''Steajn-Shovel  Computation  Book"  in  the  following 
manner: 

Specimen  entriee  in  **Steam-ihovel  ComptUation  Boot.** 


Section  No. 

• 

Total  cat.a 

Ore  eatimate. 

Atba. 

Volume. 

Ana. 

Avenge 
endaiea. 

Volume. 

(Wedp,  15  feet) 

Sq.ft. 

(Noted 

if  any.) 

Cu.fL 

(Noted 

if  any.) 

5,./..^ 

Sq.ft. 
7 

35 
116 
220 

878 
3,876 
5,726 

05 

14 
66 

04 

04 

70 

66 
174 

03 

■-■■•••••• 

03 

330 

174 
284 

02 

468 

a  Stripping  and  mining. 

Under  the  column  headed  "Section  No."  is  recorded  the  wedge  of 
ground  excavated  during  the  pre<jeding  month  between  cross  sec- 
tions 96  and  95.  Under  "Total  cut"  is  shown  the  total  excavation  of 
waste  and  ore;  under  "Area"  the  areas  of  the  cross  sections  in  square 
feet  are  giren,  cross  section  95  had  an  area  of  14  square  feet,  and 
cross  section  94  one  of  56  square  feet.  The  average  area  of  the  two 
sections,  35  square  feet,  is  given  under  the  column  designated  "Aver- 
age end  area."  Multiplying  this  by  25  feet,  the  distance  between  the 
two  cross  sections,  gives  875  cubic  feet,  the  volume  of  the  prism  be- 
tween sections  94  and  95,  removed  during  the  month.  In  like  manner 
the  cubical  contents  of  all  the  other  prisms  are  calculated.  In  the 
calculations  13  cubic  feet  of  rock  in  place,  and  21  cubic  feet  of  broken 
rock,  are  used  as  the  equivalent  of  a  ton  of  2,000  pounds.  Addi- 
tions to  and  subtractions  from  ore  and  waste  dumps  are  calculated 
in  the  same  manner. 

The  records  of  excavation  for  each  bench  are  reported  separately, 
as  are  the  records  of  the  excavation  work  of  each  steam  shovel.  If  a 
shovel  excavates  from  two  or  more  benches  during  the  month,  the 
proportion  moved  from  each  is  determined  from  the  bench  and  the 
shovel  records,  and  the  proper  apportionment  made.  The  assay 
records  and  the  number  of  cars  sent  to  the  crusher,  direct  to  the  mill, 
or  direct  to  the  smelter,  determine  the  amount  of  the  material  classed 
^  ore.  The  number  of  cars  sent  to  the  waste  dumps  determines  the 
amount  of  the  material  excavated  classed  as  waste.  Of  course, 
these  data  are  checked  against  the  engineers'  estimates  of  solid  cubic 
yards  moved,  etc. 
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A  monthly  comparative  statement  of  the  work  done  by  each 
shovel  is  compiled  for  each  month.  This  table  also  shows  the  number 
of  cars  of  material  loaded  by  each  steam  shovel  and  the  capacity  of 
each  car.  Records  are  kept  by  each  steam-shovel  foreman  of  the 
number  and  capacity  of  cars  loaded  and  whether  they  contain  ore  or 
waste.  The  table  following  shows  the  results  of  steam-shovel 
operations  during  July,  1914: 

Results  of  steam-shovel  operations  at  Santa  Rita  during  JuLyy  1914. 


Steam  shovel  No. 

Sdid  cubic 

yards  of 

waste 

handled.^ 

Tons  of  ore 
handled.b 

Material 

in  place 

handled. 

solid  cubic 

yaFds.<> 

Shifts 
WQrk»d.e 

Averagv 
solid  yeiras 

(twoshii&). 

1 

14,222 
57,437 
44,243 
74,460 
57,648 
28,053 
20,600 
47,356 
11,691 

40,415 

88,681 
67,437 
57,082 
74,460 
58,828 
33,242 
30,033 
48,062 
63,606 
2,341 

6a6 
66.2 
66.0 
65.0 
40.7 
45.6 
56.8 
51.6 
67.1 
11.2 

1,334 
2,485 
2,482 

2 

3 

26,665 

4 

8.664 

5 

2,451 

8,000 
38,303 

1,466 
108,010 

4,862 

2,367 
1,461 

6..: 

7 

1,668 

8 

1,863 

0 

31231 

10 

^US 

Total 

356,600 

231,083 

467,871 

48&5 

1,916 

o  Compiled  from  engineers'  cross-section  estimates. 

b  Taken  from  mill  returns. 

e  From  steam-shovel  foreman's  report. 

A  table  showing  the  broken-rock  yardage  capacity  of  aU  the  differ- 
ent ore  cars  used  is  a  convenience  in  making  estimates.  It  shows, 
for  instance,  that  a  car  having  a  capacity  of  100,000  poimds  can 
carry  38  cubic  yards;  a  car  having  a  capacity  of  80,000  poimds  is 
loaded  with  30  cubic  yards;  a  car  having  a  capacity  of  60,000  poimds 
carries  23  cubic  yards;  and  a  car  of  55,000-pound  capacity  contains 
21  cubic  yards  of  broken  rock.  For  convenience  of  calculation  this 
table  is  extended  so  that  one  can  see  at  a  glance  that  a  train  of,  say, 
50  cars  of  100,000-pound  capacity  can  <?arry  1,900  cubic  yards  of  ore. 

The  engineering  department  also  posts  a  special  form  that  serves' 
as  a  daily  indicator  of  steam-shovel  operations  for  the  information 
of  the  manager  and  superintendents.     A  specimen  form  follows: 

Specimen  report  of  day* s  steam-shovel  operations ^  for  information  of  mine  manager  and 

superintendent. 


Date. 

Shift 

(D-day 

N -night). 

Accumu- 
lative 
car  yards 
per  shift.a 

Total 
car  yards 
per  day .o 

Accumu- 
lative 
car  yards 
per  day.* 

Accumu- 
lative 
formonth.^ 

Compari- 
son with 
previous 
month,  c 

Remaiks. 

8 

D 

480 
l,a')6 

480 
576 

480 
1,056 

622 
622 

zl42 

+  434 

Shovel  No.  —  shut 

0 

D 

down  for  repairs. 

a  From  individual  shovel  records. 
&  From  previous  month's  record. 

c  Shows  gain  or  loss  as  Indicated  by  diflerence  between  figures  in  two  preceding  columns,  x  indicates 
car-yard  shortage,  as  compared  with  the  previous  month;  +  indicates  car-yard  increase. 
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The  engineering  computations  in  the  ofiElce  are  greatly  facilitated 
by  detailed  and  comprehensive  tables  and  diagrams,  prepared  for 
reducing  the  stadia  observations,  giving  elevations,  horizontal  dis- 
tances, etc. 

On  a  plain  coordinated  wooden  surface,  about  4J  by  6J  feet,  the 
drill  holes  are  accurately  located,  and  each  is  shown  as  a  |-inch 
hole  bored  into  the  wood.  In  these  holes  |-inch  round  sticks  are 
placed.  The  height  of  the  stick  above  the  surface  represents  the 
depth  of  the  hole.  On  each  stick,  the  ore  body  or  bodies  that  the 
hole  cuts  are  painted,  according  to  scale,  showing  the  proper  thick- 
ness and  spacing.  This  gave  a  fairly  good  chart,  or  model,  of  the 
ore  bodies,  showing  their  depth,  thickness,  etc.  However,  this  chart 
proved  much  less  useful  than  the  cross  sections  of  the  ore  bodies 
prepared  from  thd  drill-hole  data. 

MONTHLY,  QTIABTEBLY,  Ain>  ANNUAL  STATEMENTS  BT 

ENOINBEBINO  PEPABTMENT. 

Monthly,  quarterly,  and  annual  statements  and  tables  are  com- 
piled by  the  engineering  department  to  give  the  following  informa- 
tion: The  amount  of  ore  excavated,  milled,  and  smelted;  the  total 
waste  excavated  and  hauled  to  th^  dumps;  the  yardage  of  ore  and 
waste  taken  from  each  bench;  the  costs  of  the  various  operations; 
the  amount  of  ore  remaining;  its  content  of  copper  and  value  under 
given  conditions,  and  other  such  data.  In  order  to  illustrate  the 
manner  in  which  these  data  are  tabulated  the  following  self-explana- 
tory forms  are  given: 

» 

DBS  AND  STRIPPnrO. 

Staam-shoTel  mliiliif ore  body. 

Santa  Rita^K.  Msx., 

For  month  of 


Banohi 


Solid 
rock, 
cabio 
yards 
In  place. 


Earth 
and 

diimpSy 
oubio 
yards 

in  place. 


Total' 

cubic 

yards. 


Cubic 
yards  of 
strip- 
ping. 


Percent 

of  copper 

insmp- 

ping. 


Tons  of 
ore. 


Percent 

of  copper 

in  ore. 


Pounds 
of  copper. 


(This  form  is  amplified  to  contain  accumulative  records  of  totals  to  date  from  Jan.  1.] 


43603*'— Bull.  107— 1&- 
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STBAX-SKOVXZ.  OPS&ATIOV. 

Saiita  Rita,  N.  Msx., 
For qoarter.  19 


StMin  shovel  No. 


Cubic 
yards  of 

waste 
handled. 


Tons  of  ore 
handled. 


Yards 
in  place 
handled. 


Shifts 
worked. 


Average 

solid  yards 

peroay 

(twoshifts). 


Bemarks: 


TOTAL  8TXAM-8K0VXL  WOUL 


Saxta  Bra,  N.  Mxx., 


For  month  of 


Ore  body. 


Solid 
rook, 
eublo 
yards 
in  place. 


Earth 

and 
dumps, 

cubic 

yards 
in  place. 


Total 
cubic 
yards. 


/ 


Cubic 
yards  of 
strip- 
ping. 


Percent 
of  copper 
in  ship- 
ping. 


Tods  of 
ore. 


Percent 

of  copper 

in  ore. 


Pounds 
of  copper. 


Bemarks: 

[This  form  is  amplified  to  contain  aooumulAtive  records  of  totals  to  date  from  Jan.  1.   Aformwlth 
liar  headings  Is  used  for  quarteriy  reports.) 


WASTE  DTmPS. 

Santa  Rita,  N.  MSx., 
For  month  of 


Cubic 
yards. 

Tons. 

Per 
cent  of 
copper. 

Pounds 

of 
copper. 

Cars. 

Tons 
per 
car. 

Cubic 

yards 

per 

car. 

Totals  to  date  from  January  I. 

Damp. 

Cubic 
yards. 

Tons. 

Per 

cent  of 
copper. 

Pounds 

of 
copper. 

Remarks: 
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Samia  Rra,  N.  Mbx., 


Formcnthof 


CaUo 
yards. 

Toos. 

Per 
cent  of 
copper. 

Pounds 

of 
copper. 

Cars. 

Tons 
per 
car. 

Cubic 

yards 

per 

car. 

Totals  to  date  from  January  1. 

Pfle. 

Cubic 
yards. 

Tons. 

Per 
cent  of 
copper. 

Pounds 

of 
copper. 

Bamta  Rfta,  N.  Hex., 


For  month  of 


Ship, 
tons. 

Per 
cent  of 
mois- 
ture. 

wei^t, 
tons. 

Per 
cent  of 

of 
copper. 

Pounds 

of 
copper. 

Cars. 

Tons 
per 
car. 

t 

Ore 
(ram— 

Ship. 

ping 

weight, 

tons. 

Per 

cent  of 

mois- 

tuie. 

Dry 

weight, 

tons. 

Per 
cent  of 
copper. 

Pounds 

of 
copper 

For  month  of 


Santa  Rtta,  N.  ICbx., 


Ship. 

pinx 

m^t, 

tons. 

Per 
cent  of 
mois- 
ture. 

weight, 
tons. 

Per 
cent  of 

of 
copper. 

Pounds 

of 
copper. 

Cars. 

T<«is 
per 
car. 

Totals  to  date  from  January  1. 

■ 

Ore 
(rom— 

Ship. 

ping 

weight, 

tons. 

Per 
cent  of 
mois- 
ture. 

Dry 

weight, 
tons. 

Per 
cent  of 
copper. 

Pounds 

of 
copper 

1 
1 

Bemarks: 
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OBB  AVD  WASTE  DUMPS. 

MILL  SHIPMENTS. 

&AWIX  Rita,  N. 
For quarter,  19. . . 


Ore  dumps. 

Waste  damps. 

Damp. 

Cable 
jards. 

Tons. 

Per 
cent  of 
oopper. 

Pounds  of 
copper. 

Damp. 

Cubic 
jards. 

Tons. 

Per 
cent  of 
copper. 

Poonds  of  oopper. 

/ 

SMELTER  SHIPMENTS. 


Ore 
fron^* 


Shipping 
weight,  tons. 


Percent 

of 
moistare. 


Dry 

weight, 

tons. 


Peroent 
of  oopper. 


Pounds  of 
oopper. 


Cars. 


Tons  per  car. 


Remarks: 


HEALTH  AND  SANXTABY  MEASTJBES. 


HOSPITAL  AT  SANTA  RITA. 

When  the  new  company  acquired  the  Santa  Rita  property  and 
began  operations  on  an  extensive  scale,  a  suitable  hospital  for  their 
employees  seemed  highly  desirable.  Consequently,  a  welWentilated 
one-story  frame  structure  with  wide  open  porches  was  built  and 
adequately  equipped.  The  hospital  has  been  in  existence  four  years, 
and  in  that  time  with  a  staff  of  two  doctors  and  four  nurses,  it  has 
successfully  treated  1,314  cases.  It  is  maintained  by  fees  of  $1.50 
per  month  from  all  single  employees  and  $1.75  from  all  married 
employees.  The  fees  entitle  the  employees  and  their  dependents  to 
hospital  services,  medicine,  and  treatment  during  illness.  Separate 
charges  are  made,  however,  for  childbirth  cases  and  also  for  cases  of 
illness  resulting  from  drunkenness  or  fighting,  and  for  treatment  of 
venereal  diseases.  Patients  not  entitled  to  free  treatment  give  $2 
a  day  in  addition  to  nominal  charges  for  surgical  operations. 

The  following  data  regarding  cases  treated  during  the  two  years 
ended  February  15,  1913,  show  how  useful  and  successful  the  hos- 
pital has  been: 
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Data  regarding  easea  treated  in  company  ho9pital  during  two  years  ended  Feb.  15 ^  191S. 


in  hospital 666 

Deaths 21 

General  operations •. 106 

Abdominal  operations 32 

Deaths  following  operations ^  2 

Pneumonia  cases 1 34 

Deathsfrom  pneumonia 5 

Accident  cases 157 

Deaths  from  accident 2 

Typhoid  cases 37 

Deaths  from  typhoid 1 

Obstetrical  cases 35 

Deaths  from  obstetrical  cases 0 

Causes  of  Deaths. 

Tuberculosis 2 

Organic  heart  disease 1 

Pneumonia 5 

Cancer •. 1 

Enterocolitis 2 

Hookworm 1 

Following  injuries...-. 2 

MeningitiB 1 

Typhoid 1 

Cerebral  hemorrhage 2 

Gunshot  wound 1 

Peritonitis ■  1 

Syphilis 1 

Total ^21 

ACCIDENT  REPORTS. 

When  an  accident  occurs  to  an  employee  his  foreman  at  once  issues 
a  report  on  the  following  form  to  the  general  office: 

VOTIOS  or  AX  AOOXDSHT  TO  AV  XHPLOTZB. 

Name  of  person  making  report Occupation 

Street City State. 

Date  and  hour  of  accident 191.. , m. 

Date  of  this  report 191. . . 

Injured  person: 

Name Address 

Age Family Weekly  wages,  I 

Occupation 

How  long  employed  in  this  work? 

How  long  employed  prior  to  accident? 

(jreneral  duties 

«  One  WB8  advanced  appendicitis  and  one  was  gunshot  wound  of  stomaoh,  liTer,  and  intestines. 
^  Of  these,  7  did  not  Utb  2  hours  after  admissian  to  hospital. 
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The  injury: 

Nature  and  extent 

Was  surgical  aid  rendered? By  whom? 

Taken  home  or  to  hospital? Probable  length  of  disability. . 

Has  injured  returned  to  work? 

The  machine  or  appliance  causing  the  accident: 

What  was  it? 

State  condition When  last  inspected? 

Whose  control  at  time  of  accident? 

Was  there  any  defect  in  the  machine  or  appliance?    State  fully: 


Was  light  good? Have  broken  parts  (if  any)  been  pre- 
served?  

The  accident: 

Place? 

Was  accident  due  to  carelessness  of  injured  or  negligence  of  fellow  workmen? 
If  so,  of  whom? 

Statement  of  injured 

Name  and  address  of  foreman  in  charge  of  work 

Names  and  addresses  of  witnesses:  

DESCRIFnON  OF  THE  ACaDBNT. 
(If  neoeoMry,  to  show  cause  of  aocideut,  draw  rough  sketch  on  back  henot) 

[Space  for  description.] 

This  notice  made  out  by:  

(State  occupation. ) 


When  the  injured  person  has  recovered,  the  following  form  certificate 
is  executed: 

Form  for  certificate  of  injury. 

Claim  No 

LiABiUTT  Department. 
sxnBtoBOirs  bxpobt  avb  ox&txfxcatb  or  cladc. 

1.  Name  of  injured Occupation 

2.  When  first  seen  after  accident 

3.  Precise  nature^  location,  extent  of  injuries  and  how  received 

4.  Were  such  injuries  the  direct  result  of  said  accident 

5.  I  attended  claimant  from to ,  19 ,  during  which  time  the 

injuries  above  described  constituted  the  sole  and  only  cause  of  disablement;  and 
I  certify  that  he  was  totally  incapable  of  following  his  usual  occupation,  because 

of  such  injuries,  from  the day  of ,  19 ,  to  and  including 

the day  of ,19 


Surgeon. 
OB&TXnCATB  or  IMPLOTBB,  SUPXBIHTSVDBVT,  OB  TIXEKSMP^R, 

This  is  to  certify  that 'herein  referred  to,  is  insured  under 

policy and  was  in  my  employment  at  a  remuneration  of per 

hour;  that  he  y^9s  injured  at  the  time  and  in  the  manner  stated  and,  in  consequence 

thereof,  sustained  continuous  and  total  loss  of  time  for  the  period  of houiB» 

amounting  to  I 

Date 

CPodUon.) 
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Received  of the  sum  of   

(I )  dollars,  in  full  satisfaction  and  dischaige  of  any  and  all  claims 

I  have  or  may  have  against  said because  of  a 

certain  injury  or  injuries  resulting  from  an  accident  sustained  by  me  on  or  about 

the day  of ,  19 ,  while  in  the 

employ  of  the  said ,  and  further  for  any  benefits  that 

may  be  accrued  to  me  by  reason  of  said  accident. 


Date  . . . 
\^tneflB: 


(Gatmant.) 


The  number  and  the  nature  of  accidents  at  the  Santa  Rita  mine 
and  at  the  Hurley  plant  for  the  years  1912  and  1913  are  given  in  the 
following  table: 

Data  regarding  aeddentt  at  Santa  Rita  mine  and  Hurley  plant,  1912,  1913. 


Year. 

Killed. 

Pvont. 

Seriously 
ii^urecL 

Percent. 

uqureo. 

PeroSDt. 

Aver» 
number 
of  em- 
ployees 

SiBtaRttminlim 

HnrlKy  n^  fll 

1913 
1918 
1913 
1913 

3 

13 

8 

1 

ao6 
.11 

.036 
.01 

30 

36 

16 

6 

aao 

.34 
.30 
.06 

117 
384 
133 
104 

1.76 
3.31 
1.60 
1.00 

668 

880 
007 

797 

SANITABT  EQUIPMENT. 

A  large  number  of  the  new  company's  houses  are  provided  with 
modem  plumbing.  The  sewage  from  these  houses  is  discharged 
into  cesspools.  The  smaller  houses  of  the  laborers  are  on  large 
sloping  lots  and  the  waste  water  from  the  kitchens,  baths,  etc.,  is 
run  out  into  the  sand  and  gravel  of  the  sloping  surface  and  absorbed. 
Privies  for  these  houses  are  placed  at  the  rear  of  spacious  lots,  usually 
100  feet  away  from  the  house.  They  are  fitted  with  metal  recepta- 
cles, which  are  removed  periodically,  and  the  contents  thrown  on 
the  waste  dumps  and  covered  by  carloads  of  waste.  As  a  part  of 
his  general  duties,  the  company's  peace  officer  under  the  supervision 
of  the  chief  physician  maintains  a  vigilant  watch  over  the  sanitary 
condition  of  the  camp. 

BESCUE  AND  FIBST-AID  WORK. 

The  Santa  Rita  main  office  has  provided  a  suitable  locker  section 
in  which  three  Draeger  apparatus  are  stored.  The  equipment  also 
includes  duplicate  oxygen  bottles  with  water  gage  and  liter  bag. 
Hand  flash  lights  are  used  exclusively. 
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Five  employees  of  the  company  have  been  trained  by  Bureau  of 
Mmes  field  men,  and  received  the  bureau's  certificates  during  the 
early  spring  of  1914;  these  five  men  have  had  periodic  practice  drills. 
It  is  the  intention  to  train  at  least  10  more  men  in  the  use  of  the 
breathing  apparatus. 

The  headquarters  of  the  camp  physician  and  his  assistant  is  the 
company  hospital,  and  on  account  of  its  close  proximity  to  the  mining 
operations  no  first-aid  teams  have  been  organized.  The  physician 
delivers  periodic  lectures  on  sanitation  and  elementary  first-aid 
methods.  . 

RECREATION. 

The  company  officials  encourage  and  contribute  to  the  support  of 
suitable  forms  of  amusement  for  the  employees  and  their  families. 
Baseball  and  basketball  teams  are  organized  and  participate  in 
games  arranged  with  similar  teams  from  Hurley  and  Silver  City. 
A  rifle  team  enjoys  the  privileges  of  .such  teams  as  come  up  to  the 
standards  in  the  United  States  Army  Regulations,  obtaining  healthful 
and  instructive  diversion.  Two  or  three  annual  picnics  give  delightful 
outings  to  the  men,  women,  and  children  of  the  camp. 


TDIE  KEEPING,  ACCOUNTmG,  AND  WAREHOUSE  METHODS. 

A  good  working  organization  is  one  of  the  fimdamentals  of  success 
in  any  business.  A  few  years  ago  this  factor  was  largely  ignored  by 
mining  companies,  but  to-day  it  finds  place  in  most  of  those  that  are 
successful.  It,  therefore,  seems  well  worth  while  to  call  attention,  in 
a  general  way,  to  the  efficient  system  of  time  keeping,  accounting,  and 
warehouse  methods  in  use  at  Santa  Rita. 

r 

TDCE  KEEPINO. 

When  skilled  laborers  are  employed  by  the  company,  they  are 
asked  to  fill  out  Form  10  so  that  some  idea  may  be  had  of  their 
responsibility  and  past  achievements.  From  an  unskilled  laborer, 
no  references  are  required  other  than  a  statement  as  to  his  last  em- 
ployment. Each  foreman,  on  hiring  any  one,  turns  into  the  office  a 
slip  (Form  11).  If  the  person  employed  is  a  skilled  laborer,  this 
form  is  yellow  in  color,  and  has  the  notice:  *' Bearer  to  furnish 
references."  Each  employee  is  given  a  number  and  is  furnished  with 
a  cardboard  check,  1^  by  2  inches,  bearing  that  nimiber. 
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Form  10. — Form  filled  in  by  applicant  for  pontion  as  skilled  laborer  a 

APPLIOATIOV. 

Date 191... 

MnoNG  Co., 

Santa  Rita,  New  Meodeo, 

Gentlemen:  I  hereby  make  application  for  work  as 

and  refer  you  to  for  my  previouE 

(Give  name  of  company  and  foreman,  also  address.) 

leeord,  and  I  hereby  authorize  and  request to  furnish  same, 

including  the  cause  of  leaving service,  if  known.    And  I  hereby  release 

add from  all  liability  for  any 

damage  whatsoever  on  account  of  furnishing  such  record. 


Witness: 


The  above  applicant was  employed 

by  the  undersigned  as from 

to 

Cwfie  of  leaving 

AbiUty 

Habits V 

Services  were satisfactory. 

Remarks : , 

Dated:  ^ .    Signed:  

Form  11. — Form  used  in  notifying  timekeeper  of  the  hiring  of  a  new  employee, b 

191.. 

To  tdiekeefeb: 

I  have  hired 

as  a at : 

per  day. 


Foreman, 

At  the  time  office,  which  is  conveniently  situated,  each  employee, 
except  the  office  force,  the  locomotive  engineers,  the  firemen,  and  the 
steam-shovel  crews,  check  in  at  the  beginning  of  every  shift,  by  call- 
ing out  his  number  to  the  clerk  at  the  window  of  the  time  office.  The 
clerk  puts  opposite  each  man's  number  a  horizontal  black  mark  if  the 
man  is  on  the  day  shift  and  a  red  if  on  the  night  shift.  The  numbers 
are  arranged  on  a  daily  pay-roll  balance  sheet,  a  section  of  which  is 
shown  as  Form  12.  Tlie  next  check  on  the  working  time  of  the  em- 
ployees is  that  obtained  by  the  tyne  inspector,  who  goes  around 
checking  up  the  men  foimd  on  the  work.  Forms  13a,  136,  and  13c 
indicate  the  character  of  the  records  kept  in  the  time  inspector's  note 
book.  These  are  left  at  the  timekeeper's  office  to  be  checked  with  a 
perpendicular  mark  against  each  man's  number  on  the  daily  pay-roll 
balance  sheet.  After  the  morning  horizontal  mark  and  the  time 
inspector's  perpendicular  mark,  each  workman  checked  in  has  a 
plus  (+ )  sign  after  his  name  on  the  sheet. 

a  Site  of  fonn  us^  by  operating  company,  8i  by  11  Inches.        &  Size  of  original  form  3)  by  4}  inches. 
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Form  12. — Register  kept  at  time  office. o^ 

DAILY  PAY-BOLL  BALAJTCS  8HZZT. 

[Check  IO0I1  on  shift  with  horlzontalllne  In  check  column.  Use  black  Ink  for  day  shift  and  red  Ink  for  nlsht 
shift.  Cross  check  from  timekeeper's  taken  on  the  works.  Enter  hours  and  amount  from  work  slip 
turned  In  at  the  end  of  each  shift.] 


0 

Check. 

Hours. 

Amount. 

1 

Check. 

Hours. 

Amount. 

1 

2 
3 

4 
5 
6 
7 
8 
9 
10 

k 

o  Form  used  by  operating  company,  19^  Inches  hleh  bv  36}  inches  wide.  Provision  made  for  1,500  names 
on  a  sheet,  100  names  in  a  column.  Horizontal  blue  lines  separate  eadi  number,  every  tenth  number 
being  followed  by  a  purple  line. 

Form  13a. — Formtuedbytimeinspeetor for  recording  **tiine**  of  miscellaneous  employees. <^ 

mSOBLLAKSOTTS  LABOR. 


.,  191. 


_ p 

Day 

Night 

Ho. 

Ers. 

Car  trimmers 

Switch  tenders 
Switch  tenders 

Flagman 
Water  boys 

• 

o  Sise  of  original  form,  4}  Inches  wide  by  7}  Inches  high,  with  three  punch  holes  on  left  margin  for  binding. 


Form  136. — Form  used  by  time  inspector  for  recording  *Hime^*  of  steam-shovel  crews. ^ 

BHOVBLBO KSu Sn*  m.. 


Day 
Bight 

No. 

Hrs. 

No. 

Hrs. 

Engineer 

Fireman 

Cnmeman 

Coalman 

Pitmen 

Dumpmen 

a  Sice  of  original  form,  4i  inches  wide  by  7i  inches  high,  with  three  punch  holes  on  left  margin  for  binding. 


TIME   KEEPING,  ACCOUNTING,  AND  WAREHOUSE   METHODS.    101 


FoEM  13c. — Form  uted  by  time  inspector  for  recording  **t»m€*'  of  locomotive  crews.** 

.111.. 

ACCOUAT: 


Vo. 

KM. 

No. 

Hn. 

Foreman 

E 

Eiig.No.                                                                      b 

F 
B 

B 

li«.No. 

F 

B 

«  Siwof  oiisiziAl  form,  4^  inches  wide  by  7}  Indies  high. 
(iMnal form  fwovldes  for  record  of  11  engines insteadoi 
»  E,  engineer;  F,  fireman;  B,  brakeman. 


with  three  punch  holes  on  left  margin  for  binding, 
of  2,  as  shown. 


For  the  men  engaged  on  special  jobs  that  are  to  be  charged  to  cer- 
tain accounts,  and  also  as  an  additional  check  on  working  time, 
Form  14  is  used.  This  form  is  issued  in  different  colors  for  the  differ- 
oit  occupations,  and  the  occupation  and  the  rate  of  pay  of  the 
employee  are  entered  on  each.  For  special  jobs  by  skilled  laborers, 
chargeable  to  certain  accounts,  Form  15  is  used.  If  a  special  gang 
is  engaged  on  work  chargeable  to  different  accounts,  the  distribution 
of  the  charge  against  each  account  is  entered  on  Form  16. 

All  these  forms,  by  keeping  track  of  the  proper  distribution  of 
chaiges,  greatly  facilitate  bookkeeping.  Each  man's  time  record  is 
kept  in  a  large  loose-leaf  book  composed  of  pages  similar  to  that 
indicated  by  Form  17.  At  the  end  of  the  month  this  is  turned  in  to 
the  main  office. 

When  an  employee  is  discharged  or  quits  the  company's  service,  he 
is  given  a  slip  (Form  18)  by  his  foreman.  On  the  back  of  this  his 
store,  board,  and  rent  biUs  are  accounted  for,  or  marked  ''none." 
The  indorsements  are  made  in  ink  and  are  signed  by  the  officers 
responsible  for  them.  The  timekeeper  then  fills  out  Form  19,  puts 
it  in  a  sealed  envelope,  and  hands  it  to  the  employee,  who  takes  it  to 
the  cashier  and  receives  his  pay. 

In  common  with  most  large  employers,  the  mining  company  keeps 
personal  record  cards  for  each  employee;  the  scope  of  these  is  shown 
by  Form  20. 
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Form  14. — Form  uud  in  recording  **time'*  of  men  employed  on  epedaljobtf  the  erpenjie 

of  which  i$  to  be  charged  to  certain  acoounts.o- 


Occupation 


Rate 


Date. 


P.R. 
No... 


Hra. 
.Worked. 


.  Amount  $. 


Chaigeto. .. 


Foreman. 


1] 

i! 

3 
H 

ii 

iii 


'14; 


:iT 


[18 
|25i 


Form  15. — Form  need  in  eonnection  with  special  jobs  by  skilled  laborers,  chargeable  to 

certain  dcoownts.b 


Name. 


Santa  Rtta  Mine, 

Date 191. 

Check  No 


Give  full  description  of  work  done. 

1 

Hours. 

Rate. 

Amount. 

1 

f 

/ 

Total 

Examined  and  approved: 


Foreman. 


o  Size  of  original  form,  3  bv  5  Inches. 

f>  Site  of  original  form,  4}  inches  high  by  7  incheH  long,  on  heavy  flexible  stock. 
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special  g<mg  and  AargmbU 

Santa  Rita  Mine, 
,191  . 


Nnmbur. 

Hdon. 

Rale. 

Am«.t. 

Chugeto: 

Eumined  and  approved : 


Form  17. — Form  rued  it. 


Retnuto.  Total. 

i  [Dochn  and  hgspltal  t 

^  Board  I 

CtKk  No.  Bil.  due 

Form   18. — Slip  ffiven  hyfareTnan  to  employee  who  is  discharged  or  quits. ' 

Santa  Rita,  N.  Mbi., ,  191  . 

Tdkkbbper: 

Give  bearer 

(No. )  hia  time  for  senices  to  date. 

Quit  )  Mark 

Diachx^     1  with 
SowMk        )anX. 

Signed 

G«  thia  cleared  at  Santa  Rita  atore,  Santa  Rita  boarding  house,  and  bunk  houae, 
ihenptMent  at  the  office  for  payment  between  the  hours  of  1  p.  m.  and  3  p,  m.  daily 
except  Sunday. 

(Over.) 

■SbaoF  original  form,  4  iDotm  wide  b;  7  hiobei  long,  on  heavy  flexible  atock. 

t  OriglDal  (Brmb  I2|  Inchei  ttigh  hj  144  inches  lon^.  Space  tor  five  namos  Inatead  nf  one  Is  provided, 
M  oiamTii  for  eaeb  day  of  the  month.  Each  iheet  Is  kept  in  time  oHlce  tmlll  the  end  ot  the  month,  when 
lllstDmdfaitothe  main  ofScetor  balanchig  aad  checkmg, 

'  31»  ol  orlgtaal  form,  S  by  5  inches. 
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[On  reverse  side.] 
Amoant. 


Signed. 


Store 
Board 

Bent 


NoncB.— The  above  must  be  flUed  in  with  ink;  if  there  is  no  amount  write  "  None"  and  sign  name. 


Form  19. — Slip  handed  by  timekeeper  to  employee  who  leaves  during  month. ''^ 

Santa  Rita  Mine, 

191.. 

Name P.  R.  No 


shifts,  9  $. 
shifts,®!, 
shifts,  @  S. 
shifts,  0$. 


Total  amount  earned . 


Doctor  and  hospital , 

Insurance 

Store 

Board 

Rent 


Total  deductions. 
Balance  due 


DEDUCTIONS. 


Amount. 


The  above  statement  is  correct. 


Signed. 


Form  20. — Personal  record  oard.^ 


Name 

Date  employed 

No. 

Address 

Boards 

Dependents 

• 

Age              Weight 

Height              Eyes 

Hair 

M.  or  S. 

Nationality 

Engaged  by 

Last  employer 

Education 

Date 
Dept. 
Occ. 
Rate 

1 

Date 

Dept 

Occ. 

Rate 

■ 

f 

Left  employ — Date 

Reason: 

/' 

a  Sice  of  original  form,  6}  by  6  inches. 

fr  Original  card,  ruled  cardboard,  6  inches  vide  by  4  inches  high. 
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ACCOXTNTINa. 

When  the  lahor-distribution  cards  (Fonn  15)  have  been  signed 
and  punched  by  the  foreman  and  handed  in  to  the  main  office  they 
are  entered  on  loose  sheets  similar  to  Fonn  21,  which  are  kept  in 
binders,  forming  large  loose-leaf  books.  The  labor  data  are  all 
grouped,  so  that  one  or  more  of  these  sheets  is  used  for  firemen 
of  all  kinds,  one  or  more  for  engineers,  one  or  more  for  drillers, 
and  so  on.  Each  fireman,  engineer,  driller,  etc.,  is  chained  against 
the  particular  locomotive  or  steam  shovel  fired  by  him  for  each  day 
of  his  service  during  the  month.  These  forms  thus  filled  out  present 
a  complete  daily  record  of  labor  charges  classified  and  distributed 
against  certain  accounts.  When  this  daily  record  has  been  summed 
np  at  the  end  of  the  month,  the  totals  from  it  are  entered  on  the 
Santa  Rita  labor-distribution  sheets,  the  character  of  which  is  indi- 
cated in  Form  22.  This  shows  the  total  labor  chaises  for  the  month 
properly  distributed  and  arranged.  One  or  more  of  these  sheets  is 
i]3ed  for  accounts  that  may  be  grouped  under  the  general^ term, 
'' Operation. ''  In  this  group  the  columns  are  headed:  Steam  shovel 
1,  etc.;  locomotives  1,  etc.;  drill  1,  etc.,  and  dump  cars.  The  next 
group  of  headings  on  these  sheets  cover  the  following  accounts: 
Rents  and  repairs,  light  service,  automobile  expense,  prospect-drill 
expense,  hospital  fund,  special  water  investigation.  These  are  gen- 
eral ledger  accounts  and  are  carried  in  the  general  office  at  Hurley. 


Form  21. — Form  used  in  recording  data  on  labor-distribution  cards. f^ 
Month 191. .  Account 


Date. 

Sbjfts. 

Amoont. 

Shifts. 

Amount. 

Total 
amount. 

2B 

31 

\ 

Total 

•  Oilsfaial  form  11  inches  high  by  26  Inches  wide,  with  wide  margin  on  left  for  binding;  20  Instead  of  2  of 
the  "Smfts- Amount"  oolumnfl  appear  on  the  original,  and  space  is  provided  for  31  days  of  the  month. 
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FoBM  22. — Farm  used  in  recording  total  labor  diarges  for  each  month,  thawing  dia- 

tribtUion.f^ 


8AHTA  &ITA  LABOR  DSSTUBimOV. 


Sheet  No. 


191.. 


Oocapatloii. 

— 

1 

1  Assayers  and  samplers 

2  Boilermakers  and  oelpers 

1 
2 

3    Brakemen 

3 

4    Blacksmiths  and  helpers 

4 

5    Blasters 

5 

6   Compressormen 

» 

6 

7    Chauffeur 

7 

8   Car  repairers 

8 

9   Central 

9 

10   Carpenters  and  helpers 

10 

11   Cranemen 

11 

12   Drill  foreman 

13 

13    DriUers 

13 

14    DrUl  helpers 

> 

14 

16    Drill  laborers 

15 

16   Drill  mechanics 

16 

17    Dompmen 

17 

18   Engineers  and  surveyors 

18 

19    Electricians 

19 

20   Enghieers,  locomotive 

20 

21    Engineers,  steam  shovel 

21 

22   Engineers,  stationary 

22 

23    Firemen,  locomotive 

' 

23 

24    Firemen,  steam  shovel 

24 

25    Firemen,  stationary 

25 

26   Foremen,  steam  shovel 

26 

27    Foremen,  tracks 

27 

28    Foremen,  surface 

28 

29   Laborers  and  bosses 

29 

30   Masons  and  plasterers 

30 

31    Master  mechanics 

31 

32    Machinists  and  helpers 

32 

33   Machlnemen  and  helpers 

33 

34    Miners 

34 

35    Oilman  and  helpers 

^ 

35 

36   Offloemen 

36 

37  Pumpmen 

38  Plumbers  and  pipe  fitters 

37 
38 

39    Painters 

39 

40   Pitmen 

« 

40 

41    Repairmen 

41 

42   Samplers 

42 

43   Switchtenders 

43 

44    Stableman 

^ 

44 

45    Sandmen 

■ 

45 

46   Teamsters 

46 

47   Topmen 

47 

48   Trammers 

48 

49   Timber  framers 

49 

50   Trackmen 

50 

51    Watchmen 

51 

52   Water  and  coal  tenders 

52 

53   Yardmasters 

53 

54 

54 

55 

55 

Total 

1 
2 
3 
4 
5 

1 
% 
3 
4 

5 

Total 
Ore 

1 

1 

Waste 


o  Original  form  20^  inches  wide  by  34  taiches  high.    Original  form  has  20  instead  of  4  distribution  cohimns. 
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Another  group  of  headings  on  these  sheets  indicate  the  following 
accounts:  Water  supply,  Santa  Rita  boiler,  compressor  expense, 
heating,  machine  shop,  blacksmith  shop,  carpenter  shop,  light 
service,  engineering  and  surveying,  assaying  and  sampling,  office 
expense,  pit  drainage,  stable  expense,  superintendent  and  general 
labor,  and  a  few  other  accounts.  Another  group  of  accounts  comes 
under  the  general  term  ''Additions  to  plant,"  and  the  individual 
columns  are  headed  "Crusher  bins,"  ''Hospital  addition,"  etc.  A 
fifth  group  is  known  as  surface-development  accounts.  They  include 
surface  drainage,  additions  to  dump  lines,  company  roads,  etc.  The 
accounts-recoverable  group  comprises  mess  accounts,  county  roads 
built  or  repaired,  etc. 

Each  column  on  each  of  these  sheets  (Form  22)  represents  a  sepa- 
late  account.  When  these  columns  have  been  added,  the  total  for 
each  is  divided  between  ore  and  waste  according  to  the  amount  of 
time  spent  by  each  shovel  in  digging  ore  and  the  time  spent  in  di^ng 
waste.  These  time  figures  are  obtained  from  the  reports  of  the'shovel 
en^eers,  and  are  checked  against  foremen's  reports,  etc. 

From  the  data  recorded  on  the  other  forms  the  operating-cost 
sheets  for  the  month  (Form  23)  are  made  out.  One  of  these  is  used 
to  show  mining  costs  and  another  to  show  stripping  costs.  The 
expense  apportioned  to  each  is  obtained  from  the  total  time  spent  by 
the  shovels  in  digging  waste  and  the  total  time  spent  by  them  in 
digging  ore.  The  percentage  of  the  total  time  spent  in  digging  ore 
multiplied  by  the  total  cost  for  the  month  gives  the  cost  of  mining  for 
the  month.  The  remainder  is  the  total  cost  of  stripping.  The  reca- 
pitulation at  the  bottom  gives  a  complete  summary  of  the  cost  of 
production  to  date  as  well  as  costs  for  drilling,  blasting,  loading,  and 
hauling.  Thus,  Form  23  provides  a  convenient  and  concise  sunmiary 
of  all  the  costs. 

43503**— Bull.  107—16 8 
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WABBHOU8B  METHODS. 

The  importance  of  the  warehouse  or  storehouse  division  will  be 
grasped  from  the  fact  that  it  always  carries  on  hand  and  accounts 
for  about  a  quarter  of  a  million  dollars'  worth  of  stock  of  most  varied 
character,  say  from  turpentine  to  teeth  for  steam  shovels. 

All  invoices  received  during  the  month  are  recorded  in  triplicate, 
Form  24,  a  ''  statement  of  invoices."  The  original  of  these  is  sent  to 
the  cashier's  office,  a  duplicate  goes  to  the  supply  agent,  and  the 
triplicate  is  retamed  in  the  warehouse.  The  invoices  are  then 
entered  on  the  '' warehouse-record"  sheets  (Form  25).  These  give 
a  record  of  the  freight  charges,  the  material  actually  received,  and 
the  material  invoiced.  From  this  form  the  material  is  entered  on 
large  "commodity  distribution"  sheets,  where  t^e  data  covering 
different  commodities  are  segregated  in  different  columns,  so  that 
the  amount  of  each  received  is  easily  determined.  The  commodities 
are  then  entered  in  the  ''price-and-in voice"  book  (Form  26),  each 
p&ge  being  given  over  to  a  different  article,  such  as  cylinder  oil  or 
sted  rails.  The  price  and  balance  on  hand  is  kept  posted  for  each 
mouth,  and  in  addition  stock  is  taken  in  December  of  each  year  and 
checked  against  this  book. 

Data  covering  the  supplies  issued  are  carefully  recorded  in  several 
ways.  Form  27  is  an  order  on  the  storekeeper  for  material.  The 
data  on  each  of  these  forms  received  are  entered  in  the  ''supplies 
issued  record"  book  (Form  28),  which  shows  the  kind,  quantity,  and 
cost  of  supplies  issued  for  every  day  of  each  month.  At  the  end  of 
the  month  these  daily  records  are  summed  up  on  a  monthly  record 
known  as  the  ''Santa  Rita  supply  distribution"  sheet  (Form  29). 
This  summarizes  the  supplies  charged  during  the  month  and  fur- 
nishes part  of  the  data  for  the  work  of  the  cost  accountant  in  the 
main  office. 

The  warehouse  also  keeps  a  record  of  the  powder  supply.  Every 
week  the  powder  supply  is  balanced  in  pounds  of  weight  and  every 
month  in  money.    Form  30  is  used  for  this  record. 

Many  other  labor-saving  forms  are  used,  but  as  they  pertain  more 
to  general  warehouse  accounting  than  to  mine  accounting,  they  are 
not  introduced  here. 
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Form  24. — Form  used  in  making  statement  of  invoice. <^ 

STATZVBVT  07  IWOIOSS. 

Santa  Rita  Mink, ,191- 


Dsto. 


Favor  of— 


Total 


Amount 
of  invoice. 


Over- 

cbarcM  or 

d«auo- 

tiODS. 


Amoont 

taken  into 

aoooimt. 


Local 
freight 
blllNo. 


Amount 
offirelglit. 


a  Origlxial  form  8)  indies  wide  by  14  inches  long. 


Form  25. — Warehouse-reeord  sheet.^ 


WABXHOT78B  RSOOBD. 

Santa  Rita  Menx, 


month,  191, 


Freight  bfll. 


U3 


I 

I" 


& 


^ 


I 


a 


OB  2 

IS 
•I 

■**  g 


Material  received. 


I 
I 

I 


i 


V 


Conslgnar.  shipping 
point,  and  aescriptian. 


Invoice. 


« 


8 

a 


n 


o  Original  sheet  13f  inches  wide  by  16  Inches  long. 
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Form  26. — Specimen  sJieet  from  pnee^nd-invaice  book.  <» 

NuUf  boUtf  and  wtuikert. 


Arg.  price 
New  price 
Bal.oiil]Bnd 

Total 
Uwd 
Order  No 


Jan. 


Feb. 


liar. 


Oct. 


Nov. 


Dec. 


Bal.forU 


Form  27. — Form  used  in  order  on  storekeeper  for  material.^ 

BZQUnXTIOV  70&  BUPPUBB. 
No. (of  foreman]. 

To 


Santa  Rita,  N.  Mix.,. 


.191. 


No. 


For— 


Btordceeper  Req.  No. 


Approved. 


Signed. 


Form  28. — Form  used  in  recording  daUy  issues  of  supplies.  ^ 

SUPPLIES  ISSUED  &EOOED. 

Month  of 191 . .  Account. 


1 

2 

3 

4 

5 

6 

29 

30 

• 

31 

Articles. 

Total. 

Price. 

Amount. 

Total. 

1 

<     ♦ 

S    i 

s  e 

a  Original  sheet  16  Indies  wide  hj  12}  Incbee  higli;  sheet  printed  on  both  sides.  Eight  spaces  instead 
of  one  space  appear  for  '*  Order  No."  entries;  also  columns  for  each  month  of  the  year. 

^  Original  form  8}  inches  wide  by  lOi  inches  high,  printed  on  white  paper.  A  duplicate  set  of  forms 
b  printed  on  yellow  paper,  a  yellow  dnplicate  of  each  order  being  retained  by  foreman  makhig  reqiiisitlon. 

c  Original  form,  17inches  wide  by  11  inches  high.  Margin  ana  pun6h  hobs  at  left  provided  for  olndlng; 
abooobmms  for  eadi  day  of  the  month. 
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Form  29. — Form  used  in  tummarizing  daHy  records  from  Form  28.^ 
SAVTA  RITA  BUPPLT  DBTRIBTJTIOV. 

Sheet  No 191 


k 

On  hand. 

Received. 

Used. 

On  hand. 

(*) 

(c) 

(«) 

(*) 

1   Aiiylrill  repairs 

1 

3  Air-brake  repairs 

2 

8   Babbitt  and  metals 

3 

4  Belting 

5  Boiler  flues 

4 
5 

6   Boiler  oompoond 

6 

7   Blacksmith  ooai 

7 

8  Burlap  and  OBDTas 

8 

9  Candles 

0 

10  Cement,  briok,  and  lime 

10 

11   Castings 

11 

12  Caps 
18  Coke 

12 

13 

14   Drill  repairs 

14 

18   Dump-car  repairs 

18  Eleotrioal  fixtures  and  supplies 

1 

16 
16 

17   Fuse 

17 

18   Fire  brick  and  clay 

18 

19   Fuel 

19 

20   Furniture  and  fixtures 

20 

21    Grease  and  lubricants 

• 

21 

22   Hay,  grain,  and  feed 
28   Hose  and  fittings 

22 

23 

34    Hardware 

, 

24 

36   Iron  and  steel 

25 

96   Illuminating  oils 

26 

27   Laboratory  supplies 

27 

28   Lumber 

, 

28 

20   Locomotive  repairs 

39 

30   Labor 

30 

81    Machinery  repairs 

31 

82   Metal  lath 

32 

88   Nuts,  bolts,  and  washars 

83 

84    Nails 

84 

86    Packing 

. 

85 

86    Pipe  and  fittings 
37    PtUlevs  and  shafting 
88    Powder 

36 

/ 

87 

38 

39    Paint,  tar,  and  glass 

39 

40   Pump  repairs 

40 

41    Ran  and  fittings 

41 

42   Rope  and  cable 

42 

48   Screens 

43 

44   Steam-shovel  repairs 

44 

46   Stationery 
46  Structural  steel 

45 

46 

47   Sand 

47 

48   Switching 

48 

49   Ties 

49 

60  Teaming 

50 

61   Timber  and  lagging 

51 

62   Tools 

S2 

68   Waste 

53 

64 

54 

66 

I 

55 

Total 

Santa  Rita  store  supplies 
Electric  power  from  Hurley 

2 
8 

4 
6 

Total 

i 
2 
3 
4 
5 

Ore 

Waste 

a  Original  form,  24  by  24  inches.    Original  has  20  instead  of  3  blank  columns  for  headings  showing  distri- 
bution of  supplies, 
fr  At  first  of  month.  /' 

«Dur£Dg  month. 
'  At  flrn  of  suooeeding  month. 
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oiS 
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^18. 
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PUBLICATIONS  ON  MINE  ACCIDENTS  AND  METHODS  OF  MBTAIi 

BflNING. 

Limited  editions  of  the  following  Bureau  of  Mines  publications  are 
temporarily  available  for  free  distribution.  Requests  for  all  publi- 
cations can  not  be  granted,  and  applicants  should  select  only  those 
publications  that  are  of  special  interest  to  them.  All  requests  for 
publications  should  be  addressed  to  the  Director,  Bureau  of  Mines, 
Washington,  D.  C. 

Bulletin  53.  Mining  and  treatment  of  feldspar  and  kaolin  in  the  southern 
Appalachian  region,  by  A.  S.  Watts.    1913.    170  pp.,  16  pis.,  12  figs. 

Bulletin  62.  National  mine-rescue  and  first-aid  conference,  Fittsbuigh,  Pa., 
September  23-26,  1912,  by  H.  M.  Wilson.    1913.    74  pp. 

Bulletin  75.  Rules  and  regulations  for  metal  mines,  by  W.  R.  Ingalls,  James 
Douglas,  J.  R.  Finlay,  J.  Parke  Channing,  and  John  Hays  Hammond.  1915.  296 
pp.,  1  fig. 

Bulletin  80.  A  primer  on  explosives  for  metal  miners  and  quarrymen,  by  C.  E. 
Munroe  and  Clarence  Hall.    1915.    125  pp.,  15  pis.,  17  figs. 

Bulletin  101.  Abstracts  of  current  decisions  on  mines  and  mining,  October, 
1914,  to  April,  1915,  by  J.  W.  Thompson.    1915,    138  pp. 

Technical  Paper  4.  The  electrical  section  of  the  Bureau  of  Mines,  its  purpose 
and  equipment,  by  H.  H.  Clark.    1911.    12  pp. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature 
and  pressure,  by  W.  O.  Snelling  and  W.  ,C.  Cope.    1912.    28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
and  S.  P.  Howell.    1912.    19  pp. 

Technical  Paper  11.  The  use  of  mice  and  birds  for  detecting  carbon  monoxide 
after  mine  fires  and  explosions,  by  G.  A.  Burrell.    1912.    15  pp. 

Technical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A. 
Burrell  and  F.  M.  Seibert.    1912.    16  pp.,  1  fig. 

Technical  Paper  15.  An  electrolytic  method  of  preventing  corrosion  of  iron  and 
steel,  by  J.  K.  Clement  and  L.  V.  Walker.    1913.    19  pp.,  10  figs. 

Technical  Paper  17.  The  effect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  O.  Snelling  and  Clarence  Hall.    1912.    20  pp.,  11  figs. 

Technical  Paper  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence 
Hall  and  S.  P.  Howell.    1912.    34  pp.,  1  pi.,  5  figs. 

Technical  Paper  19.  The  factor  of  safety  in  mine  electrical  installations,  by 
H.  H.  Clark.    1912.    14  pp. 

Technical  Paper  22.  Electrical  symbols  for  mine  maps,  by  H.  H.  Clark.  1912. 
11  p|^.,  8  figs. 

Technical  Paper  29.  Training  with  mine-rescue  breathing  apparatus,  by  J.  W. 
Paul.    1912.    16  pp. 

Technical  Paper  30.  Mine-accident  prevention  at  Lake  Superior  iron  mines, 
by  D.  E.  Woodbridge.    1913.    38  pp.,  9  figs. 

Technical  Paper  40.  Metal-mine  accidents  in  the  United  States  during  the 
calendar  year  1911,  compiled  by  A.  H.  Fay.    1913.    54  pp. 
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Technigai«  Paper  41.  Mining  and  treatment  of  lead  and  zinc  ores  in  the  J6pUn 
district,  MiflBouri;  a  preliminary  report,  by  C.  A.  Wright.    1913.    43  pp.,  5  figs. 

Technical  Paper  46.  Quarry  accidents  in  the  United  States  during  the  calendar 
year  1911,  compiled  by  A.  H.  Fay.    1913.    32  pp. 

Tbchnicax  Paper  47.    Portable  electric  mine  lamps,  by  H.H.Clark.    1913.    13  pp. 

Technical  Paper  58.  The  action  of  add  mine  water  on  the  insulation  of  electric 
conducti^s;  a  preliminary  report,  by  H.  H.  Clark  andL.  C.  llsley.    1913.    26    pp., 

Ifig. 

Technical  Paper  59.  Fires  in  Lake  Superior  iron  mines,  by  Edwin  Higgins. 
1913.    34  pp.,  2  pis. 

Technical  Paper  61.  Metal-mine  accidents  in  the  United  States  during  the 
calendar  year  1912,  compiled  by  A.  H.  Fay.    1913.    76  pp.,  1  fig. 

Technical  Paper  62.  Relative  effects  of  carbon  monoxide  on  small  animals,  by 
G.  A.  Burrell,  F.  M.  Seibert,  and  I.  W.  Robertson.    1914.    23  pp. 

Technical  Paper  67.  Mine  signboards,  by  Edwin  Higgins  and  Edward  Steidle, 
1913.    15  pp.,  1  pi.,  4  figs. 

Technical  Paper  77.  RejMrt  of  the  Conmiittee  on  Resuscitation  from  Mine 
Gases,  by  W.  B.  Cannon,  G.  W.  Crile,  Joseph  Erlanger,  Yandell  Henderson,  and 
S.  J.  Meltzer.     1914.  r36  pp.,  4  figa. 

Technical  Paper  92.  Quarry  accidents  in  the  United  Stsctes  during  the  calendar 
year  1913,  compiled  by  A.  H.  Fay.    1914.    76  pp. 

Technical  Paper  94.  Metal-mine  accidents* in  the  United  States  during  the 
calendar  year  1913,  compiled  by  A.  H.  Fay.    1914.    73  pp. 

Technical  Paper  100.  Permissible  explosives  tested  prior  to  March  1,  1915,  by 
S.  P.  Howell.     1915.    15  pp. 

Miners'  Circular  5.  Electrical  accidents  in  mines,  their  causes  and  prevention, 
by  H.  H.  Clark,  W.  D.  Roberts.  L.  C.  llsley,  and  H.  F.  Randolph.  1911.  10  pp., 
3  pis. 

IfiNERs'  Circular  8.  First-aid  instructions  for  miners,  by  M.  W.  GUugow,  W.  A. 
Kaudenbuflh,  and  C.  0.  Roberts.    1913.    67  pp.,  51  figs. ' 

liiNERs'  Circular  10.  Mine  fires  and  how  to  fight  them,  by  J.  W.  Pftul.  1912. 
14  pp. 

Miners'  Circular  11.  Accidents  from  mine  cars  and  locomotives,  by  L.  M. 
Jones.    1913.     16  pp. 

Miners'  Circular  13.  Safety  in  tunneling,  by  D.  W.  Brunton  and  J.  A.  Davis. 
1913.    19  pp. 

Miners'  Circular  15.  Rules  for  mine-rescue  and  first-aid  field  contests,  by  J.  W. 
Piul.    1913.    12  pp. 

Miners'  Circular  17.  Accidents  from  falls  of  rock  or  ore,  by  Edwin  Higgins. 
19R    15  pp.,  8  figs. 
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A.  Page. 

Aoridents  from  blasting 68 

mine,  number  of. 97 

lepoitlng  of,  form  for 95,96 

AoDoantlng  methods,  forms  used  In 106, 10^110 

** Adobe"  blasting.    5m *'Dobe"  blasting. 

Air,  opcntlofn  of  drills  by 42 

on  oost  of 45 

form  of  recording 106-110 

Air«ontpfe9Bor  plant.    See  Compressor  plant. 

Aflsy  plan  of  ore  body ,  making  of 19 

Aflsy  shop,  equipment  for 37 

forma  used  in 38-40 

methods 85-38 

work  dome  at 85 

Aflaylng,  oost  of 87,38 

Aaaays,  gold,  making  of 36 

See  also  Drill-hole  samples;  Dxilling. 

Axtcei,mlmng  of  topper  ore  by 7 

B. 

Bsnk  boles,  charge?  for 52 

exploding,  view  of 48 

flguzeshoving 53 

definition  of 51 

lesolts  of  firing,  figure  showing 55 

"sprlnglxig"  charges  in,  figure  showing...  51 

Benches  of  ore,  distance  between 41 

cstlmatianoforeby 42 

height  of ,  factors  governing 41 

▼lew  of 42 

Bingham,  Utah,  mining  of  copper  ores  at 1 

Black  powder,  handling  and  storing  of 58,59 

quantity  used  in  blasting 56 

Blast-hole  samples,  taking  of 36 

Blast  holes,  drilling  of 43^5 

cost  of 45 

extent  of 42 

&v ate  Drillholes. 

Blasting,  aoddentsftom 58 

average  costs  of 78 

In  metal  mines,  purpose  of 46 

time  for,  factors  governing 53 

Blasting  machines,  testing  of 58 

Blasting  powder.    See  Black  powder;  Trojan 
'powder. 

"Block  hoUng,"  drill  used  ftir 46 

BoOcr  scale,  composition  of 74 

removal  of 78 

"Bnlldoslng."   5m  "Dobe'' blasting. 


C.  Y.  B.  ore  body,  map  showing 6 

ore  mined  in 27 

<^,  blasting,  handling  and  storing  of 58,59 


Page. 

Car  samples  of  ore,  taking  of 36 

Cars,  costs  of  operating,  form  for  recording . .  lOR- 1 10 

oost  0  f  repairing 65 

description  of 64,65 

view  of 1 64 

Carasoo,  Jos4  Manuel,  minmg  of  Santa  Rita 

ore  by 7 

Cartridges,  precautions  in  handling 58 

Caving  in  chum-drill  sampling,  remedy  for . . .       11 
Chaloocite  In  Santa  Rita  district,  ooourrenoe 

of 4 

Chaloopyrite  in  Santa  Rita  district,  occur- 
rence of 4 

Charging  of  drill  holes,  equipment  for 54 

triple,  danger  from 53 

ChuruKlrilling  at  Santa  Rita 5,6 

accuracy  of,  tests  of 11 

See  dUo  Prospect  drilling. 
Chum  drills,  costs  of  operating,  form  for  re- 

coidhig 106-110 

details  of 42 

efficiency  of 13,14 

sampling  of  ore  by 42 

errors  In 10, 11 

types  of 10,42 

water  used  by 75 

See  aUo  Cyclone  drills. 

Clark  cars  for  transporting  ore,  views  of 64 

See  alao  Cars. 

Coal  used  in  steam  shovels,  amount  of 63 

Colorometrio  determinations  of  samples 36, 38 

Compressor  plant,  equipment  for 70 

Copper  in  ore,  critical  content  of 16, 19, 20 

determination  of 32 

See  also  Metallic  copper;  Ores,  copper. 

Copper  ores  in  Santa  Rita  district 4 

See  alto  Ore  bodies. 

Costs,  blasting 57 

mining 28,30 

&ctors  governing 19 

operating  form  for  recording 108-110 

prospect  drilling 14, 44, 45 

smelting 33 

See  oUo  Blasting;  Cars;  Crushing  plant; 
Fuel;  Hauling;  Labor:  Loading;  Loco- 
motives; Milling;  Mining;  Power; 
Power  plant;  Steam  shovels;  Strip- 
ping; Waste. 
Cotton  waste  used  on  steam  shovels,  amount 

of 63 

Crushing  plant,  cost  of. 68 

details  of 67 

location  of 6, 67 

transportation  to 65, 66 

view  of 68 

119 
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Page. 
Capilte  In  Santa  Rita  district,  ooounenoe  of..        4 

Cyclone  drills,  effldency  of 43,44 

molts  of 10 

operation  of 43,44 

speed  of 43 

D. 

Detonaton,  blasting  In  metal  mines  by 47 

exploding  charye  by,  figure  showing 64 

inecaations  In  handling 58,59 

See  oJm  Electric  detonators. 

Diamond  drilling  at  Santa  Rita  mines 8 

Diamond  drills,  relative  merits  of 10 

"Dobe"  blasting,  costs  of 67 

definition  of 67 

economy  of 46 

objections  to 67 

placing  of  charges  for 67 

view  of 64 

precautions  in 58 

I>rBinage  in  Santa  Rita  district 6 

equipment  for 68 

factora  affecting 68,00 

Drill-hole  records,  calculation  of  ore  from  —  20-33 

Drillohole  samples,  assay  record  of 14, 15 

evaporation  of,  furnace  for,  figure  showing      35 

method  of  preparing 36,36 

Drill  holes,  chambering  of,  purpose  of 48 

charge  for,  factors  determining 51 

charging  of 61-63 

firing  of 64,55 

results  of  firing,  figure  showing 56 

sounding  of 49 

"springing,"  charges  for 49 

exploding  of ,  view  showing 48 

prooedurein 50 

purposeof 48 

types  of 51 

See  aUo  Prospect  holes. 

Driller,  reports  of,  form  for 12,13 

Drillmg  of  ore,  methods  of 10 

reports  of,  distribution  of,  figure  showing.       11 

samples  from,  assaying  of 11 

See  alto  Churn  drilling;  Diamond  drill- 
ing; Prospect  drilling. 
Drills.   8u  Chum  drills;  Hammer  drills; 
Tripod  drills. 

Dumps,  method  of  sampling 40 

Dynamite  for  blasting,  use  of 46 

E. 

Electric  detonators  for  use  In  metal  mines ...       47 

precautions  in  handling  and  storing 69 

testing  of 59 

Electric  wires  for  firing  charge,  arrangement 

of,  figure  showing 64 

Electricity  for  springing  holes 50, 51 

Elguea,  ICanual  Francisco,  mining  at  Santa 

Rita  by 7 

Employees,  discharge  of,  form  used  In 101, 108 

personal  record  of ,  form  used  for 104 

special,  "time"  of 101 

"time"  of,  forms  for  recording 100, 102, 108 

Engineering  department,  compilations  by . . .       91 

forms  used  by 87, 89-94 

work  of 87 


Kstrella  ore  body,  map  showing 6 

ore  mined  in 27 

Excavation,  cross  section  of,  figure  showing.  .  88 

estimates  of,  form  for 87 

extent  of,  computation  of 80 

plan  map  of ,  figure  showing 88 

records  of  ,  reports  of 80 

view  of --  7D 

See  aUo  Steam  shovels. 

Explosives,  costs  of 57 

for  metal  mines 58 

efficiency  of,  factors  determining 65 

kinds  of 46 

handling  of 48,58^59 

quantity  of,  relation  to  rock  broken 56 

tiiawingof 48 

Explosives  magazine,  details  of 47 

entnmceto,  view  of 48 

figureshowlng 47 

F. 

First-aid  work,  equipment  for 07,06 

Foster,  L.  E.,  acknowledgments  to 2 

formulas  for  estimating  ore  by 28 

Fuel  used  at  Santa  Rita,  cost  of 76 

storage  of 76 

See  aUo  Coal. 

Fuse  for  explosives,  types  of 47 

for  primer,  arrangement  of , figure  showing.  50 

O. 

Qold  in  copper  ore,  assays  of 36 

Qopher  blasting,  description  of 60-62 

explosives  used  In 60, 63 

placing  of  holes  for,  figure  showing 61 

preparation  for. 60 

purpose  of 69 

tamping  of 62 

yardage  removed  by 62 

H. 

Hammer  drills,  mining  of  ore  by 42 

operation  of 46,46 

Haulage,  average  costs  of 78 

Hayes,  M.  B.,  mining  at  Santa  Rita  by 8 

Hearst  ore  body,  map  showing 6 

ore  mined  in 37 

Hospital,  cases  treated  by 95 

fees  for 94 

maintenance  of 94 

Hurley,  N.  Mex.,  assay  shop  at 85 

mill  at ,  accidents  in 97 

capacity  of 83 

costs  at 85,87 

details  of 79,81 

fiow  sheet  of ,  figure  showing 79,81 

operation  of 78,82,83 

power  required  for 83 

transportation  to 78 

pumping  stations  at,  equipment  of 84 

repair  shops  at,>quipment  of 86 

water  supply  at 84 

1. 

IngersoU-Rand  drill,  operation  of 45 
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7.  Page. 

Jumcj,  W.  H.,  acknowledgments  to 2 

Jdbitiog  abown  by  ezcavBtJoD,  view  of 70 

K. 

Skchmao,  R.  I.,  on  gopher  blasting 50 

L. 

Lalur,  costs  of ,  fimn  for  recording lOB-110 

far  clium  drilling,  cost  of 14 

Labor  charges,  distribution  of 106 

formsTuedin 105,106 

Laborers,  skilled,  work  done  by,  form  for  re- 
cording.---.   102 

employment  of ,  form  used  in W 

Loading,  average  costs  of 78 

Loading  bin  of  crashing  plant,  details  of 67 

operation  of 67 

LoocBiiotiTe  crews,  "time"  of,  fbnn  for  re- 
cording   191 
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MELTING  ALUMINUM  CHIPS. 


By  H.  W.  GiLLETT  and  G.  M.  James. 


INTRODUCTION. 

In  its  work  on  mineral  wastes  the  Bureau  of  Mines  is  studying 
losses  in  the  melting  of  nonferrous  metals  and  alloys.  The  greatest 
of  these  losses  is  that  of  zinc  through  volatilization  in  hrass  melting, 
but  another  and  considerable  loss  is  that  of  aluminum  and  its  alloys 
in  the  melting  of  finely  divided  material. 

In  order  to  get  some  idea  of  the  magnitude  of  the  loss  in  melting 
alumintmi  scrap  and  to  find  out  what  methods  of  melting  were  used 
information  was  gathered  in  regard  to  present  practice;  also  experi- 
ments were  conducted  to  obtain  some  data  on  the  relative  merits  of 
different  methods.  As  the  experiments  could  be  made  on  a  labora- 
tory scale  only,  they  were  not  expected  to  solve  the  problem  entirely, 
the  object  in  making  them  being  rather — ^by  indicating  which  meth- 
ods were  of  greater  promise — to  narrow  the  field  over  which  large- 
scale  tests  and  comparisons  need  be  made  by  those  commercially 
nterested  in  the  problem  of  melting  scrap  aluminum. 

NATUBE  OF  SCRAP  ALUMINUM. 

Scrap  aluminum  may  be  produced  in  the  fabrication  of  sheet  alu- 
minum into  various  objects,  such  as  cooking  utensils,  camera  frames, 
and  various  ornamental  goods,  yielding  sheet  clippings  or  punchings, 
in  the  machining  of  aluminum  castings  for  automobiles,  motor  boats, 
cooking  utensils,  vacuum  cleaners,  meter  cases,  and  the  multitudinous 
other  articles  in  which  cast  aluminum  is  used,  yielding  borings  or 
chips,  or  in  the  foundry,  in  the  chipping  and  grinding  of  rough  cast- 
ings, and  in  the  recovery  of  buttons  of  metal  from  foundry  sweepings, 
or  from  the  dross  skimmed  from  the  melting  pots. 

CLIPPINQS  AND  PXJNCHINQS. 

Sheet  clippings  and  punchings  do  not,  as  a  rule,  show  a  very  great 
melting  loss,  for  they  are  normally  kept  dean  and  are  usually  not 
excessively  small  nor  thin,  and  may  without  the  use  of  very  great 
pressure  be  ''cabbaged''  or  pressed  into  brick-like  bundles,  which 
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are  considered  almost  as  valuable  for  foundry  use  as  ingot  metal, 
particularly  as  it  is  necessary,  in  order  to  obtain  good  rolling  quali- 
ties,  to  use  purer  metal  for  sheet  than  is  sold  for  casting  purposes* 
''Hard-sheet"  aluminum,  containing  upwards  of  1  per  cent  of  man- 
ganese, must  of  course  be  used  with  due  consideration  of  the  content 
of  the  alloyed  metal. 

SCBAP  WIBB  AND  CABLB. 

Scrap  wire  and  cable  is  a  still  purer  aluminum  than  imalloyed  sheet 
aluminum,  as  the  very  purest  metal  attainable  is  required  for  high 
electrical  conductivity.  Bare  wire  and  cable  is  a  desirable  form  of 
scrap,  but  insulated  wire  would  be  hard  to  handle  in  remelting.  On 
account  of  the  grovring  use  of  aluminum  wire  of  small  diameter,  that 
is  electrolytically  insulated  with  a  film  of  aluminum  oxide,^  this  wire 
will  at  some  future  time  form  a  variety  of  scrap  that  will  be  more  or 
less  difficult  to  remelt. 

CASTINQS,  CHIPS,  AND  BOBINQS. 

The  great  bulk  of  the  scrap  aluminum  met  with  at  present  consists 
of  old  castings  and  of  chips  and  borings  obtained  in  machining  cast- 
ings. Melting  down  old  castings  presents  no  difficulty,  as  the  loss 
is  scarcely  greater  than  with  ingot  metal.  The  chips  and  borings, 
however,  give  much  trouble,  and  form  the  main  problem  in  regard  to 
metal  losses  in  remelting  scrap  aluminum. 

As  at  least  95  per  cent  of  all  cast-aluminum  alloys  is  used  for 
automobile  engine  beds  or  crank  cases,  gear  cases,  transmission  cases, 
footboards,  bodies,  steering-wheel  spiders,  intake  and  outlet  mani- 
folds, hub  caps,  and  miscellaneous  trimmings  and  fittings,  chips  from 
a  motor-car  manufacturing  plant  may  be  regarded  as  typical. 

The  drill  presses  and  milling  machines  used  on  aluminum  castings 
run  either  vrith  a  light  cutting  oil,  kerosene  being  often  used,  or  with 
cutting  lubricants  of  the  general  type  of  emulsions  of  oU  in  a  soap 
solution.     The  emulsions  seem  to  be  coming  into  increasing  use. 

If  the  chips  stand  in  the  air  while  wet  vnth  such  aqueous  solutions, 
that  is^  if  the  solution  is  not  drained  oflf  at  once,  they  become  super- 
ficially oxidized  and  caked  together. 

The  chips  become  covered  with  whatever  lubricant  is  used,  soaking 
it  up  Uke  a  sponge.  If  they  fall  on  the  floor  and  are  swept  up  without 
due  care  to  keep  them  separate  from  the  floor  dust,  the  dust  sticks  to 
the  oily  or  moist  borings. 

If  the  machining  of  iron,  steel,  brass,  or  white  metal  is  done  nearby, 
chips  of  those  metals  are  likely  to  become  mixed  with  the  aluminum 
chips.    It  is  the  exception  and  not  the  rule  to  find  aluminum  chips 

•  Sldnner,  C.  £.,  and  Chubb,  L.  W.,  Tht  electrolytic  insulation  of  aluminum  wire:  Trana.  Am.  Eleo- 
trocbam.  Soc.,  vol.  36, 1914,  p.  137. 
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that  are  not  contaminated  with  a  few  per  cent  of  iron  chips.  The  iron 
iieeesBitates  passing  the  chips  over  a  magnetic  separator.  On  account 
of  the  more  curly  form  of  chips  from  aluminum  than  from  most  com- 
mercial brasses  and  bronzes,  it  is  harder  to  effect  a  complete  separa- 
tion.of  the  iron,  particularly  from  damp  or  oily  chips. 

The  chips  may  go  to  the  aluminum  foundry  of  the  automobile 
plant,  if  it  makes  its  own  aluminum  castings,  or  may  be  sent  to 
various  refiners,  who  either  buy  the  chips  outright  or  refine  them 
into  ingots,  make  a  smelting  chaise,  and  return  the  ingots  obtained, 
or  the  chips  may  be  sold  in  small  lots  to  some  small  dealer  in  scrap 
metal,  who  adds  them  to  various  other  chips  until  he  has  enough  to 
melt  down  himself  or  sell  to  a  lai^er  operator. 

Some  of  the  larger  operators  state  that  it  is  apparently  difiicult 
for  some  of  the  small  junk  dealers  to  resist  the  temptation  to  add  road 
dust,  foundry  sweepings,  or  other  fine  dirt  to  the  borings,  as  10  per 
cent  or  more  will  readily  stick  to  oily  borings  and  be  scarcely  detect- 
able even  on  dose  inspection. 

The  size  and  thickness  of  the  chips  depends  on  the  depth  of  the 
lougfaing  and  finishing  cuts.  The  thickness  commonly  runs  between 
0.005  and  0.02  inch. 

BECOVEBY  ON  SCRAP  ALUMINUH. 

Foundry  wastes,  such  as  spiUings  recovered  in  floor  sweepings, 
small  fins  that  work  their  way  into  core  prints,  chippings  from  the 
trimming  room,  and  dust  from  the  emery  grinders,  are  all  badly  con- 
taminated with  dirt.  The  larger  pieces  are  picked  out  by  hand  and 
the  rest  concentrated  by  tumbling  dry  in  a  stream  of  air,  or  in  a  wet 
tumbling  barrel.  The  scum  of  oxide,  dirt,  and  metal  that  is  skimmed 
from  the  melting  pots  is  generally  remelted  in  the  foundry,  iisually 
with  the  use  of  sal  ammoniac  or  zinc  chloride,  and  the  dross  from  this 
remelting  is  thrown  away,  sold  to  a  refiner,  or  dropped  into  water 
as  soon  as  skinuned  off,  and  then  subjected  to  wet  tumbling. 

In  melting  fine  material,  such  as  borings  or  chips,  fine  shot  from 
foundry  wastes,  and  dust  from  grinding  wheels,  all  heavy  scrap  being 
excluded,  the  recovery  as  ingot  metal  runs  from  40  to  90  per  cent  of 
the  metal  content,  the  proportion  Recovered  varying  with  the  size 
and  cleanness  of  the  material  and  with  the  facilities,  experience,  and 
method  of  the  melter. 

It  is  very  doubtful  if  any  but  the  largest  and  most  experienced 
refibaers  average  more  than  65  per  cent  recovery  from  the  ordinary 
dirt-laden  borings  of  commerce.  One  firm  organized  solely  to  refine 
borings  to  ingot  suspended  operations  after  a  few  months,  and  another 
firm  has  run  its  aluminum-refining  department  only  intermittently, 
finding  that  when  aluminum  was  scarce  it  was  better  to  stop  refining 
borings  because  their  price  rose  above  that  at  which  a  profit  could  be 
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made  with  the  percentage  of  recovery  obtained.  At  such  times  the 
borings  go  to  small  refiners,  or  to  foundries  that  refine  the  borings 
separately  or  add  them  to  the  regular  melts.  In  many  cases  no  accu- 
rate records  of  costs  are  kept  by  such  plants,  and  the  operators  may 
be  refining  at  a  considerable  loss  without  knowing  it. 

A  prominent  aluminum  founder  states  that  with  pure  aluminum 
selling  at  25  cents  per  poimd  and  copper  at  15  cents,  the  most  common 
casting  alloy,  ''No.  12,"  containing  8  per  cent  copper,  would  sell  in 
new  ingot  for  about  24)  cents,  whereas  good  No.  12  borings  would 
command  about  12)  cents  and  the  ingot  made  from  the  borings  would 
sell  at  about  22  cents.  If  the  cost  of  refining,  including  the  cost  of 
fuel,  labor,  overhead  charges,  etc.,  is  arbitrarily  assumed  to  be  1  cent 
per  pound  of  ingot  produced,  it  will  be  seen  that  with  a  50  per  cent 
recovery  on  the  gross  weight  of  borings  bought,  the  cost  of  producing 
a  pound  of  ingot  would  be  25  cents  for  metal  and  1  cent  for  refining 
charges,  or  26  cents,  which,  with  metal  selling  at  22  cents,  woiild  result 
in  a  loss  of  4  cents  per  pound  of  ingot,  whereas  with  a  70  per  cent  re- 
covery the  cost  woiild  be  about  20  cents,  netting  a  profit  of  2  cents 
per  pound.  With  a  60  per  cent  recovery  there  would  be  a  slight  loss, 
whereas  with  an  80  per  cent  recovery  the  profit  would  be  over  5  cents 
per  pound.  It  is  assumed  that  the  same  price,  12)  cents,  is  paid  for 
borings  from  which  only  50  per  cent  of  metal  is  recovered  as  for  those 
yielding  80  per  cent. ' 

If  it  be  assumed  that  the  average  recovery  from  chips  and  foundry 
waste  is  65  to  70  per  cent,  on  the  metallic  basis,  and  if,  as  is  shown 
later,  borings  kept  perfectly  clean  and  properly  melted  will  give  90 
to  95  per  cent  recovery,  then  20  to  30  per  cent  of  the  aluminum  that 
is  machined  off  castings  is  unnecessarily  lost. 

The  probable  amount  of  aluminum  castings  used  in  motor-car  con- 
struction from  July  1, 1914,  to  July  1, 1915,  has  been  estimated  by  the 
general  manager  of  a  firm  of  aluminum  foimders,  whose  production 
alone  is  over  half  that  amount,  to  be  between  20,000,000  and 
25,000,000  pounds.  Addition  of  heavy  export  orders  to  the  increas- 
ing domestic  demand  will  imdoubtedly  cause  the  amount  used  from 
July  1,  1915,  to  July  1,  1916,  to  exceed  25,000,000  pounds. 

The  percentage  machined  off  from  a  rough  aluminum  casting  m  the 
finishing  process  seems,  from  data  obtained  by  the  writer,  to  average 
about  15  per  cent,  a  figure  which  is  much  higher  than  was  estimated 
offhand  by  several  people  connected  with  the  automobile  and  alumi- 
num casting  industries,  whose  guesses  averaged  3  to  4  per  cent.  The 
writer's  result  was  reached  by  weighing  rough  and  finished  castings 
at  an  automobile  plant  making  a  car  in  the  $700  to  $800  class,  and  by 
weighing  rough  and  finished  castings  made  for  various  other  motor- 
car manufacturers  at  an  aluminum  foundry,  with  the  following 
results: 
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iVopoftum  ofmeUd  nuuMned  offinfiniahing  alumnium  castings  for  motor  ears. 
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Small  doDb]e4UuigBd  eztaaast  elbows 

Intake  pipe  for  6-^Und«r  motor 

Gear  case  lor  snuJi  motor 

G«Br  ease  for  very  small  mot<«....... 

Ciank  ease  for  Sounder  motor 


Weight  of 
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finished 
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28.50 

24.50 

.42 

.35 

5.00 

4.80 

8.90 

7.00 

1.58 

1.50 

04.00 

80.00 

Peroentan 

of  metal 

machined 

off. 


14 

15 

4 

21 
6 
14.  S 


As  crank  cases  and  transmission  cases  make  up  the  bulk  of  the 
weight  of  aluminum  castings  in  a  car,  the  values  obtained  from  them 
will  have  more  effect  on  the  total  than  those  obtained  from  the 
smaller  castings. 

The  results  of  this  tabulation,  which  indicate  that  15  per  cent 
was  machined  off,  were  so  at  variance  with  the  estimates  cited  that 
the  matter  was  taken  up  with  the  makers  of  a  car  in  the  $2,000  class, 
who  state  that  on  that  car  there  are  used  47  aluminum  parts  which 
are  machined,  the  total  weight  of  the  rough  castings  used  per  car 
being  166.19  pounds.  The  loss  per  car  in  chips  is  25.15  pounds,  or 
15.1  per  cent.  .The  weights  were  taken  on  the  average  of  a  number  of 
like  parts,  in  some  cases  as  many  as  50  being  weighed.  On  the  basis 
of  15  per  cent  of  metal  machined  off,  the  yearly  production  of  chips 
from  aluminum  castings  in  the  United  States  will  then  nm  between 
3,000,000  and  3,750,000  pounds.  If  20  to  30  per  cent  of  this  amount 
is  unnecessarily  lost,  then  600,000  to  1,125,000  pounds  of  aluminum 
alloys  worth  16  to  25  cents  per  pound,  based  on  the  average  market 
quotations  for  the  last  few  years,  is  lost,  or,  as  these  figures  take  no 
account  of  the  lo^  in  running  down  foundry  wastes,  it  may  be  esti- 
mated that  in  all  metal  worth  approximately  $200,000  at  average 
prices  for  aluminum,  is  lost  each  year  in  the  United  States  through 
the  low  recovery  in  melting  down  aluminum  borings  and  foundry 
waste.  At  the  abnormal  price  of  aluminum  in  1916  this  figure  would 
be  doubled  or  trebled. 

This  estimate  is  not  too  high,  as  the  United  States  Geological  Sur- 
vey states*  that  in  1913  2,198  tons  of  secondary  aluminum  and  2,456 
tons  of  secondary  aluminum  alloys  (90  per  cent  of  the  latter  being 
''No.  12"  alloy,  containing  92  per  cent  aluminum  and  8  per  cent 
copper)  were  recovered,  mostly  from  aluminum  cUppings  and  bor- 
ings, the  whole  having  a  value  of  $2,199,480.  The  total  consump- 
tion of  aluminum  in  the  United  States  in  1913  was  36,190  short 
tons.* 

<  Phelea,  W.  C,  Baiudte  and  alumlnam:  Mineral  Resources  of  the  United  States  for  1913,  U.  8.  GeoL 
8iir?ey,  Ua4,  p.  IS. 
*Phelen,W.  C.,Loe.eit 
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If  the  pure  aluminiun,  mostly  from  clippings,  which  give  low  loss 
on  melting,  be  entirely  disregarded  and  the  alloys  only  be  considered, 
and  if  it  be  further  assmned  that  only  two-thirds  of  the  quantity  of 
alloys  came  from  borings,  there  would  be  about  3,250,000  pounds  of 
secondary  aluminum  alloys  recovered.  If  this  jQgure  represents  a  70 
per  cent  recovery  of  the  original  metal  content  in  the  borings,  which 
is  as  high  as  is  probable,  and  if  a  90  per  cent  recovery  is  possible  then 
two-sevenths  of  3,250,000  poimds,  or  over  1,000,000  potmds,  was 
lost  in  melting.  The  average  value  of  the  secondary  pure  aluminum 
and  alloys  was  about  23^  cents  per  poimd  in  1913,  according  to  the 
figures  of  the  Geological  Survey.  If  the  alloy  is  assumed  to  be  worth 
20  cents,  the  value  of  the  lost  metal  figures  to  about  $200,000  for  1913. 

The  1914  figures  '  show  2,791  tons  of  secondary  aluminum  and 
1,731  tons  of  recovered  aluminum  contained  in  alloys,  having  a  total 
value  of  $1,673,140,  or  an  average  of  18^  cents  per  pound.  It  is 
stated  that  the  greater  part  of  the  secondary  aluminum  was  recov- 
ered from  cUppings  and  borings.  Pure  aluminum  borings  are  not 
common,  and  as  refineries  commonly  term  borings  from  aluminum 
alloys  ''aluminum  borings,"  their  reports  may  not  have  made  a  clear 
distinction  between  pure  and  alloyed  metal. 

Although  figures  for  1914  showed  a  decrease  in  a];nount  and  value 
of  recovered  iduminum  alloys  as  compared  with  1913,  the  high  aver- 
age price  of  aluminum  in  1915  will  bring  the  values  of  the  losses  for 
1915  to  about  $300,000,  as  in  the  fall  of  1915  the  price  of  alumi- 
num rose  to  about  three  times  the  prices  quoted  in  1914  and  in  the 
spring  of  1915. 

There  are,  of  course,  other  possible  uses  for  aluminimi  alloy  chips 
than  as  a  source  for  the  recovery  of  ingot  metal.  Their  use  for  the 
manufacture  of  aluminum  paint  at  once  suggests  itself,  but  it  is  doubt- 
ful if  all  alloys  of  aluminum  are  malleable  enough  to  produce  the  Yeary 
thin  flat  flakes  required  in  aluminum  paint.  Pure  aluminum  scrap 
could  doubtless  be  so  used.  One  automobile  firm,  during  the  period 
of  imusuaUy  high  prices  for  aluminum  in  1915  and  1916,  was  forced 
to  find  a  substitute  for  the  aluminum  paint  previously  used  on  its 
motors  and  found  one  in  finely  crushed  ferrosilicon.  This  firm  also 
reported  that  it  could,  in  this  period,  obtain  a  higher  price  for  its 
aluminum  chips  from  a  chemical  company  than  it  could  from  the 
metal  refiners.  The  chips  are  evidently  used  in  the  preparation  of 
anhydrous  aluminum  chloride,  to  be  used  as  a  condensing  agent  in 
the  manufacture  of  dyes. 

o  Phaltti,  W.  C,  The  production  of  bauxite  and  aluminum:  Mineral  Resources  of  the  United  States  liar 
1914,  U.  8.  OeoL  Survey,  1915,  pp.  183-200. 
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METHODS  OF  MELTING  ADVOCATED  IN  THE  UTERATUBE. 

Various  methods  of  melting  down  chips  are  suggested  in  the  i)eri- 
odical  and  patent  Uteratxure.  One  of  the  earliest  comments  ^  on  the 
subject  is  as  foUows: 

ADDING  SCRAP  TO  MOIiTEN  METAL. 

« 

We  recently  had  an  inquiry  for  a  method  of  recovering  the  aluminum  from  the 
Bkimmings  taken  from  the  casting  ladle.  The  company  making  the  inquiry  ia  in 
the  aluminum-casting  buainesB,  the  parts  being  mostly  for  automobile  work.  One 
esaeDtial  was  that  the  recovered  metal  must  be  of  such  degree  of  purity  that  it  could 
be  used  over  again  for  casting.  As  the  quantity  of  skimmings  is  large,  the  waste 
at  present  going  on  is  considerable. 

There  is  no  way  of  accompUshing  this  in  a  commercial  manner  except  by  putting 
the  Bkimmings  into  the  reduction  pots,  and  even  that  is  objectionable  wi^  a  great 
many  kinds  of  alloy  skimmings,  particularly  those  contaihing  zinc.  It  is  extremely 
difficult  to  get  finely  divided  particles  of  aluminum  to  agglomerate,  even  when 
fused,  owing  to  the  difficulty  of  breaking  the  skin  which  covers  each  particle.  The 
only  method  by  which  it  was  ever  done  is  that  recited  by  De  Ville— namely,  melt- 
ing finely  divided  metal  by  using  a  double  chloride  of  sodium  and  aluminum,  which 
acts  as  a  flux  and  permits  some  of  the  finely  divided  aluminum  to  be  made  into  a 
button.  This  operation  is,  however,  so  difficult  and  so  unusual  that  the  expense 
d  it  is  considerably  more  than  the  value  of  the  metal  recovered. 

Sperry*  states  ''The  best  way  to  melt  almninnm  scrap,  such  as 
sheet  or  chips,  is  to  have  a  pot  of  molten  aluminum  at  low  red  heat 
and  then  to  add  the  scrap  to  it,  pushing  it  down  at  once  under  the 
surface,  so  that  it  is  not  exposed  to  the  air  at  aU.  In  this  manner 
there  is  no  oxidation  of  the  aluminum  and  it  can  be  melted  with  the 
minim^iTn  waste.  The  scrap  will  dissolve  in  the  molten  aluminum, 
and  this  is  an  ideal  condition."  He  also  states  ^  that  the  chips  should 
be  added  in  smaU  quantities  at  a  time  to  already  molten  metal  with 
immediate  stirring,  and  the  pot  fluxed  at  the  end  of  the  melt  with  a 
little  zinc  chloride. 

Vickers^  su^ests  practically  the  same  method.  Still  another 
description  ^  of  this  general  method  follows: 

Question, — ^We  have  several  barrels  of  aluminum  turnings  and  borings  and  would 
like  to  know  the  best  method  of  converting  this  material  into  pig  form.  We  under- 
stand that  under  certain  conditions  of  melting  a  considerable  loss  of  aluminum 

NSOltS. 

Anneer, — ^The  melting  of  finely  divided  metals  entails  considerable  work,  and  fur- 
themiore,  the  material  must  be  handled  in  a  manner  which  will  prevent  undue  oxida- 
tion. The  beet  way  to  accomplish  this  is  to  dissolve  the  finer  metal  in  a  bath  of  molten 
metal.  A  large  crucible  should  be  used  and  the  molten  metal  should  be  obtained  by 
melting  ingots  or  other  bulky  stock.    In  the  case  of  aluminum,  the  bath  should  be 

•  EditorfaU,  Reooverjr  of  aluminum  from  skimming^:  Metal  Ind.,  vol.  5, 1907,  p.  loa 
^  Spvry,  E.  8.,  Questkms  and  answers:  Brass  World,  voL  9, 1913,  p.  296. 

<  Spcrry,  £.  S.,  Rameltlng  of  aluminum  chips  or  borings;  Brass  World,  vol.  0, 1910,  p.  278;  Jour.  Inst 
Metals,  Td.  5, 1911,  p.  342. 

*  Viekers,  C,  How  to  melt  aluminum  turnings  or  borings:  Foundry,  vol.  41, 1913,  pp.  119, 420. 
•Sditerial,  Recovery  of  aluminum  turnings  and  borings,  problems  of  tbe  brass  founder:  Foundry,  voL 

4»  May,  1915.  p.  195. 
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raised  to  a  temperature  not  above  red  heat.  Charge  as  many  boringB  at  a  time  as  the 
bath  will  disBolve,  but  do  not  leave  any  of  the  borings  on  top  of  the  bath  in  a  solid 
state.  These  should  be  stirred  into  the  molten  metal.  Inasmuch  as  the  bath  in- 
creases  with  each  charge  of  borings,  it  will  dissolve  more  each  time  that  additLona 
are  made.  As  the  borings  will  cool  the  bath,  the  furnace  should  be  closed  from  time 
to  time,  the  metal  again  heated  to  redness,  when  more  borings  can  be  added,  and 
this  process  can  be  continued  alternately  until  the  pot  is  full.  At  this  stage  the  metal 
is  cast  into  ingots,  but  sufficient  should  be  left  in  the  pot  to  form  another  bath.  If 
the  mush-like  dross  gathers  on  the  surface  of  the  metal,  add  a  small  piece  of  fused 
zinc  chloride  and  stir  it  on  the  surface.  This  will  liberate  the  metal  from  the  droas, 
which  will  form  a  cover  for  the  aluminum.  The  metal  shoiild  be  skimmed  before 
casting  into  ingots.    Incidentally,  this  dross  is  of  no  value. 

In  doing  this  work  the  borings  should  be  passed  through  a  magnetic  separator  to 
remove  the  iron,  and  under  no  conditions  should  the  bath  of  molten  metal  be  heated 
above  redness  at  any  time,  as  otherwise  the  aluminum  will  attack  the  silica  in  the 
crucible  and  the  metal  will  contain  black  specks. 

A  similar  method  in  which  turnings  are  to  be  charged  into  a  ''heel'' 
of  molten  metal,  but  a  reverberatory  furnace  used,  not  a  crucible, 
has  been  adyocated,^  though  no  mention  is  made  of  stirring  or  the 
use  of  any  flux. 

Echevarri**  says,  "Scrap  can  be  remelted  by  submerging  in  the 
molten  metal,  the  loss  being  only  2  to  3  per  cent."  This  statement 
evidently  refers  to  heavy  scrap. 

Coulson  *  has  recently  described  a  puddling  method,  commercially 
used  for  the  recovery  of  turnings  from  an  aluminum  alloy  with  5  to 
10  per  cent  of  magnesium,  as  weU  as  considerable  experimental  work 
on  the  problem.  Previous  to  the  experimental  work,  cryohte  had 
been  used  as  a  flux,  the  recovery  with  dean  turnings  varying  from 
60  to  90  per  cent  on  clean  material.  In  the  experiments,  turnings 
were  melted  in  air-tight,  electrically  heated  fmnaces,  in  which  the 
air  could  be  displaced  by  reducing  gases'^  such  as  hydrogen.  Even 
in  such  a  nonoxidizing  atmosphere  10  per  cent  was  lost,  and  nitrides 
were  still  formed,  indicating  that  air  was  occluded  in  the  borings. 
Then  the  turnings  were  boiled  in  a  4  per  cent  salt  solution  to  displace 
occluded  air  and  wash  off  dirt.  These  treated  borings,  melted  under 
hydrogen,  still  gave  8  per  cent  loss.  Melting  under  hydrogen  was 
considered  impractical  for  commercial  work,  so  melting  in  open  cru- 
cibles was  tried.  The  borings  were  washed  in  benzine  and  then 
boiled  in  a  salt  solution.  The  damp  borings  were  fed  into  a  hot 
crucible  containing  a  small  "heel"  of  molten  metal,  and  each  addi- 
tion thoroughly  puddled  \mtil  the  mass  became  uniformly  viscous. 
After  all  the  borings  were  in,  the  charge  was  allowed  to  stand  until^ 
the  dross  had  risen,  when  the  clean  metal  was  poured  from  beneath 
the  dross,  or  tapped  off  from  a  hole  in  the  bottom  of  the  crucible. 

»  F.  H.  H.,  Refining  scmp:  Foundry  Trado  Jour.,  vol.  14, 1914,  p.  20. 

h  Echevarrl,  J.  T.  W.,  Aluminum  and  some  of  its  uses:  Jour.  Inst.  Metals,  vol.  1, 1909,  p.  128. 

•  Coulson,  J.,  Reolamation  of  magnalium  from  turnings:  Trans.  Am.  Inst.  Metals,  voL  9, 191A. 
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Calcium  chloride  was  then  stirred  into  the  dross.  If  the  temperature 
rose  through  thermit  action,  powdered  cryoUte  was  stirred  in.  The 
metal  separated  from  the  dross  was  then  poured  or  tapped.  The 
loss  by  this  method  averaged  6  per  cent  for  small  melts,  and  with 
200-pound  melts  of  clean  material  the  loss  has  been  as  low  as  1  per 
cent. 

It  is  stated  that  the  addition  of  1  per  cent  of  calcium  or  0.5  per 
cent  of  calcium  aluminum  silicide  restores  the  reclaimed  metal  to  its 
original  physical  state  as  shown  by  tensile  tests. 

Such  additions  should  be  made  with  caution,  since  for  some  pur- 
poses the  presence  of  alkali  or  alkaline  earth  metals  is  detrimental, 
and  in  the  production  of  aluminum  every  effort  is  made  to  keep  them 
out,  as  they  are  considered  highly  undesirable  impurities.  Le 
ChateUer^  has  shown  that  calcium  aluminum  aUoys  are  Uable  to 
disintegrate,  apparently  spontaneously. 

Puddling  methods  were  used  by  De  Ville  on  a  small  scale  in  1859, 
and  his  directions,  as  quoted  by  Richards,*  quite  closely  describe  the 
puddling  method  in  use  to-day.     These  directions  are  as  follows: 

When  it  is  desired  to  melt  pieces  together,  they  can  be  united  by  agitating  the 
crucible  or  compressing  the  mass  with  a  well-cleaned  cylindrical  bar  of  iron.  Clip- 
pings, filings,  etc.,  are  melted  thus:  Heat  the  divided  metal  to  as  low  a  heat  as  pos- 
sible—just sufficient  to  melt  it.  The  oil  and  organic  matter  will  bum,  leaving  a 
dnder,  which  hinders  the  reimion  of  the  metal  if  the  mass  is  not  pressed  firmly  with 
the  iron  bar. 

XTSB  OF  FIiinCBS  IN  MEIiTINa  ALUMINUM  SCRAP. 

Zinc  chloride  (ZnCla)  is  often  used  as  a  flux  in  running  down  chips 
and  skimmings,  as  well  as  in  ordinary  melting,  it  being  claimed  that 
the  zinc  chloride  aids  the  separation  of  the  metal  from  the  dross  so 
that  instead  of  a  pasty  mass  of  metal  plus  dross  only  a  dry,  crumbly 
dross  is  taken  oflf  .^  The  value  or  uselessness  of  zinc  chloride  as  a  flux 
for  ordinary  melting  is  a  matter  of  contention  among  aluminum 
founders.  Lane  ^  found  that  0.015  per  cent  of  zinc  was  taken  up  by 
an  aluminum  alloy  on  one  melting  and  0.085  per  cent  after  the  eighth 
remelt,  zinc-chloride  flux  being  used  each  time.  He  suggests  that 
some  of  the  zinc  chloride  may  be  decomposed  by  the  heat  and  part  of 
the  mic  may  alloy  with  the  cduminum,  the  nascent  chlorine  being  the 
active  agent  of  the  flux. 

Micks*  states — 

The  flux  that  has  given  the  best  results  in  aluminum  is  chloride  of  zinc.  The  zinc 
cooibiiies  with  the  oxygen  which  is  taken  up  from  the  aluminum  oxide  and  forms  zinc 

•  LdChataUor,  11.,  Alterability  of  aluminum:  Compt.  rend.,  f .  152, 1911,  p.  650;  Chem.  Abs.,  vol.  5, 191L 
p.  1888. 

I  Bidwda^  7.  W.,  Alaminmn,  Its  properties,  metallnigy,  and  alloys,  1890  pp.  202,  347. 

'Anon.,  Use  of  sine  chloride  in  melting  aluminum:  Jour.  Inst.  Metab,  vol.  2, 1909,  p.  320. 

'Lane,  H.  IL,  Use  of  ma^esium  in  deoxidizing  aluminum  alloys:  Trans.  Am.  Brass  Founders'  Assa, 
VA.  4, 1910,  p.  101;  Castings.  voL  7.  1911,  p.  164. 

'Mida,  R.,  Funiace  practice  in  tbe  brass  foundry:  Brass  World,  vol.  11, 1915,  p.  150. 
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oxide,  which  is  then  akimmed  off  together  with  the  aluminum  chloride  that  is  also 
formed  in  the  reacton  when  the  flux  is  added.  The  best  time  to  add  this  flux  is  after 
the  melting  is  completed ;  the  surface  of  the  molten  metal  is  then  covered  with  a  mass  of 
dross,  but  when  the  chloride  of  zinc  is  dropped  on  it  in  small  pieces  it  will  become 
clear  as  soon  as  enough  of  the  flux  has  been  added. 

Lane  considers  that  magnesium  is  a  deoxidizer  of  aluminum. 
However,  Matignon  •  reports  the  reduction  of  magnesium  oxide  by- 
aluminum.  It  is  also  stated^  that  although  from  thermochemical 
data  both  magnesium  and  calcium  should  reduce  aluminum  oxide, 
magnesium  does  not  act  as  strongly  in  a  thermit  mixture  as  aluminum, 
and  that  it  probably  is  not  a  deoxidizer  for  aluminum.  It  was  thought 
that  calcium  was  reduced  by  aluminum  when  calcium  chloride  was 
used  as  a  flux,  and  the  statement  was  made  that  the  only  value  of 
calciiun  chloride  or  zinc  chloride  as  a  flux  is  in  disentangling  the 
alumimun  from  the  dross. 

Another  flux  recommended*  is  anhydrous  aluminum  chloride 
(AlCl,),  the  claim  being  made  that  by  the  use  of  a  small  amount  of 
alumimun  chloride  a  recovery  of  50  to  70  per  cent  could  be  obtained 
from  chips,  which  without  it  yielded  only  30  per  cent. 

Another  flux  recommended  consists  of  sodiiun  carbonate  10  parts, 
potassiiun  carbonate  2  parts,  cryolite  2  parts,  and  borax  1  part,  to 
be  used  in  the  proportion  of  1 J  pounds  per  100  pounds  of  chips.  ** 

Borax  is  suggested  by  Mellen'  as  a  flux  to  dissolve  oxides  of 
aluminum. 

However,  Richards  f  states  that  aluminum  melted  under  borax  is 
rapidly  dissolved,  an  aluminum  borate  being  formed. 

Weber  ^  suggests  the  use  of  fluorides  of  zinc,  copper,  or  nickel, 
mixed  with  alkali  fluorides.  The  aluminum  reduces  the  fluoride  of  the 
heavy  metal  used,  the  zinc,  copper,  or  nickel  alloying  with  the  alu- 
minum and  forming  an  equivalent  amount  of  alumimun  fluoride. 
The  mixture  of  aluminum  fluoride  and  alkali  fluorides  then  acts  as  a 
slag  to  dissolve  the  aluminum  oxide.  Weber  also  suggests  a  mixtiu'e 
of  zinc  chloride  and  sodium  fluoride. 

Jones  ^  suggests  a  flux  of  equal  parts  of  lithiiun  chloride,  potassium 
chloride,  and  sodiiun  fluoride  for  use  in  welding  aluminum. 

Schoop*  emphasizes  the  difficulty  of  breaking  through  the  thin 
surface  film  of  oxide  in  welding  alumimun  so  as  to  make  the  fluid 
metal,  beneath  the  films  of  the  two  pieces  to  be  welded,  unite,  and 

»  Matignon,  C,  Rddnctlon  of  mugniwfa  by  alnmtnnm*  Compt  z«nd.,  1 166, 1913,  p.  1157;  Jour.  Boo.  Chem. 
Ind.,  ToL  32, 1913,  p.  491. 

»  Anon.,  Oxidation  of  alominum:  Foundry,  toL  37, 1910,  p.  225. 

c  Anon.,  The  fusion  of  aluminum  chips:  Joor.  Mines  Met,  t  1, 1912,  p.  7;  Chem.  Abe.,  toL  0, 1912,  p. 
2223;  Brass  World,  vol.  9, 1913,  p.  866. 

<i  Anon.,  Melting  aluminum  chips:  Castings,  vol.  88, 1910,  p.  7S. 

< Mellon,  J.  O.,  and  Mellen,  W.  F.,  U.  8.  Patent  982218,  Jan.  17, 191L 

/  Richards,  J.  W.,  Aluminum,  its  properties,  metallurgy,  and  allojrs,  1890,  p.  81. 

9  Weber,  H.,  Process  for  melting  scrap  aluminam  or  alli^  higlh  in  the  metal:  German  Patent  242347, 
Dec.  30, 1910;  Jour.  Soc.  Chem.  Ind.,  vol.  31, 1912,  p.  237;  Chem.  Abs.,  vol.  6, 1912,  p.  2063. 

A  Jones,  J.  L.,  Shop  problems — fluxing:  Metal  Ind.,  voL  11, 1913,  p.  &28» 

'  Schoop,  M«  v.,  Autogenous  welding  of  aluminum:  Electrochem.  and  Met  Ind.,  toL  7, 1909,  p.  ISL 
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sUtes  that  he  has  tried  borax,  glass,  and  other  substances  to  exclude 
the  air,  but  found  that  a  flux  which  would  dissolve  the  oxide  was 
needed.  He  then  tried  potassium  pyrosulphate  and  many  other 
sabstances  as  fluxes  to  dissolve  the  oxide,  but  found  a  satisfactory 
solution  of  the  problem  only  in  the  use  of  alkali  chlorides.  In  his 
patents  Schoop  '  mentions  a  mixture  consisting  of  60  parts  potassium 
chloride,  20  parts  lithium  chloride,  12  parts  sodium  chloride,  8  parts 
potassium  sulphate.  In  a  later  patent  ^  he  substitutes  cryoHte  for 
the  potas^uin  sulphate,  and  in  anotlier,^  he  says, '' Experiments  have 
shown  that  the  said  defects  may  be  completely  avoided  by  adding 
fluorides — ^for  example,  fluorides  of  calcium,  potassium,  or  boron  to 
the  mixture  of  chlorides  of  alkali  metals.  By  means  of  the  improved 
flux  it  is  possible  also  to  melt  down  or  fuse  together  in  crucibles  small 
and  large  scraps  of  aluminum  in  the  shape  of  castings,  sheets,  wires, 
or  other  objects.'' 

Morrison  ^  speaks  well  of  such  a  flux^  for  welding,  as  does  Selig- 
man.«  Other  welding  fluxes  have  been  suggested,  Thaulow  f  recom- 
mending 96  parts  of  borax  and  4  parts  of  sodium  bisulphate. 

Pannell  ^  gives  the  composition  of  various  fluxes  for  use  in  welding, 

as  follows: 

dmipotitvm  ofvarimuflvxe^  for  ute  in  welding. 


Constituent. 

FlfR  No. 

Sodium 
chloride. 

Potas- 
sium 
chloride. 

Lithium 
chloride. 

Potas- 
sium 
fluoride. 

Sodium 
fluoride. 

Sodium 
bisul- 
phate. 

Potas- 
sium bi- 
sulphate. 

Cryolite. 

- 

Percent, 
30.0 

Percent, 
45.0 
33.0 
62.5 
79.0 
83.0 
00.0 

Percent. 
15.0 
33.0 
20.8 

Percent. 
7.0 

Per  cent. 

Percent. 
3.0 

Percent. 

Percent. 

33.0 

12.5 

l&O 

17.0 

&5 

4.0 
5.0 

r 

23.5 

4.0 

10.0 

It  is  seen  that  these  are  all  mixtures  of  alkali  chloride  high  in  the 
low-melting  potassium  and  hthium  chlorides,  with  or  without  the 
addition  of  fluorides  or  bisulphates. 

Other  processes  are  based  on  the  theory  that  as  aluminum  is  readily 
oxidizable,  the  melting  should  take  place  in  the  absence  of  air.  Mel- 
lea  ^  patented  a  vacuum  furnace  in  which  it  is  claimed  that  aluminum 
clippings,  turnings,  and  filings  ordinarily  meltod  with  a  loss  of  10  to 
40  per  cent  may  be  melted  with  a  loss  of  only  0.5  to  5  per  cent. 

>  Sdioop,  M.  v.,  U.  S.  Patent  922623,  May  25,  liN»;  English  Patent  24006,  Oct  31, 1S07;  Flench  Patent 
Wm,  Jan.  30, 1907. 

»  Bdioop,  M.  v.,  U.  8.  Patent  943164,  Dec.  14, 1900. 

«  Sdioop,  If.  v.,  Bn^lsh  Patent  21288,  Nofr.  2, 1907. 

'HorriMn,  W.  M.,  In  discussJon:  Jour.  Inst.  Met.,  (British)  vol.  1, 1909,  p.  150. 

•SeUpuui,  R.,  The  welding  of  aluminum;  Jour.  Inst.  Met.  (British),  toI.  2, 1900,  p.  281. 

/Thaoloir,  E.,  U.  8.  Patent  1139923,  Mar.  4^  1914;  Brass  World*  vol.  11, 1916,  p.  181. 

9  FfemeU,  E.  V.,  Recent  derelopnients  In  aluminom;  some  notei  on  autogenous  welding:  Trans.  Am. 
bitlietBls,Y0l.9, 191S.    Advanoe  copy,  p.  17. 

^HellBn,  G.,  U.  S.  Patent  1120782,  Dec  16^  1914. 
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One  inyentor,  according  to  parties  to  whom  the  invention  was 
offered  for  $100,000,  had  a  plan  to  melt  alnnunum  borings  by  melting 
in  retorts  similar  to  those  used  in  zinc  smelting  and  passing  in  steam 
when  it  was  desired  to  check  the  heating  and  stop  oxidation  by  air. 
A  recovery  of  86  per  cent  was  claimed.  No  further  details  are  avail- 
able. 

Zavelberg^'  suggests  for  zinc  smelting  or  the  recovery  of  other 
readily  oxidizable  metals  heating  the  furance,  discontinuing  the  heat- 
ing, charging  and  closing  the  furnace,  and  doing  the  melting  by  the 
stored  heat.  Practically  the  same  method  has  been  used  in  the 
melting  of  aluminum-magnesium  alloys  for  casting  purposes  in  a 
tilting  open-flame  oil  furnace,  though  it  does  not  seem  to  have  been 
tried  on  borings. 

Richards  ^  says: 

Fused  common  salt  is  used  as  a  flux  for  aluminum.  Fluorspar  makes  a  good  flux 
for  the  metal,  especially  in  connection  with  cryolite  or  common  salt,  and  poooooooo 
the  property  of  dissolving  the  aluminum  oxide  with  which  the  metal  may  be  contam- 
inated and  which,  by  incrusting  small  globules,  hinders  their  reunion  to  a  button. 

Various  fluxes  have  been  used  in  melting  aluminum  without  having 
been  especially  mentioned  in  connection  with  borings. 

Guertler^  mentions  a  mixture  of  sodhun  and  potassium  chlorides. 

Zinc  chloride,  a  mixture  of  sal-ammoniac  (ammonium  chloride) 
and  common  salt,  as  well  as  saltpeter  (potassium  nitrate)  are  all 
mentioned.^ 

Schultz  ^  also  reports  favorably  on  the  use  of  saltpeter  in  melting 
aluminum  alloys  to  get  sound  castings.  It  seems  remarkable  that 
the  addition  of  so  strong  an  oxidizing  agent  to  so  readily  oxidizable 
a  metal  should  be  beneficial,  and  the  most  plausible  explanation  is 
that  the  gas  given  off  by  the  decomposition  of  the  saltpeter  stirs  the 
metal  and  is  carried  off  with  the  other  and  harmful  gases  previously 
dissolved  in  the  metal.  Saltpeter  has  not  been  advocated  for  use  on 
chips.    Sal  ammoniac  alone  is  also  used.^ 

Gleason  9  melts  aluminum  under  a  flux  composed  of  3  parts  fluor- 
spar and  1  part  anhydrous  boric  acid.  Mellen^  uses  a  flux  consisting 
of  salt  and  sulphur. 

Desch  *  mentions  borax,  which  melts  at  about  650**  C,  and 
anhydrous  camallite  (equimolecular  amounts  of  potassium  and 
magnesium  chlorides),  which  melts  at  about  450°  C,  as  forming  suit- 

•  Zavelberg,  A.,  U.  S.  Patent  1136304;  German  Patents  226257,  Feb.  23,  1908;  2763<}4,  Aag.  6,  1913- 
Chem.  Abs.  vol.  9, 1915,  p.  594. 

h  Richards,  J.  W.,  Aluminum  its  properties,  metallurgy,  and  alloys,  1890.  p.  80. 

c  Guertler,  W.,  Metallographie,  Bd.  2,  Heft  1, 1913,  p.  39. 

d  Editorial,  Flux  for  aluminum  alloy — ^problems  of  the  brass  foundry:  Foundry,  vol.  41, 1913,  p.  420. 

•  Schults,  F.,  In  discussion:  Trans.  Am.  Inst.  Metals,  vol.  8, 1914,  p.  132. 

f  Carritto,  J.  P.,  Making  McAdamito  metal;  Foundry,  vol.  41, 1913,  p.  42L 
g  Qleason,  £.  D.,  U.  S.  Patent  1076973,  Oct.  28, 1913. 
A  Mellen,  (}.,  U.  S.  Patent  1092935,  Apr.  14, 1914. 

<  Deaoh,  C.  H.,  Metallography,  1910,  p.  106. 
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able  protecting  layers  for  low-melting  alloys.  The  melting  point  of 
the  eutectic  mixture  (2KCl.LiCl)  of  potassium  and  Uthium  chlorides 
is  given  "  as  350*^  C.  and  that  of  the  lowest  melting  mixture  of  NaCl 
and  LiCl  (27  per  cent  by  molecular  weight  of  NaCl,  73  per  cent 
liQ)  as  550*^  C. 

Burgess  ^  gives  the  melting  point  of  an  equimolecular  mixture  of 
Naa  and  KQ  as  about  650''  C. 

A  flux  recently  put  on  the  market  at  25  cents  per  pound  is  said  by 
its  introducers  to  act  as  a  molten  cover  to  protect  the  metal  from  the 
air  and  also  as  a  flux  to  dissolve  impurities  from  the  melt.  The 
directions  state  that  1  pound  of  flux  should  be  used  to  250  pounds  of 
metal  and  scatt-ered  over  the  cold  metal  as  much  as  possible,  so  that 
the  metal  will  be  protected  while  being  heated.  After  all  the  metal 
is  melted  it  should  be  stirred  with  an  iron  rod,  when  the  flux  will  come 
to  the  top,  as  it  melts  below  the  melting  point  of  alxuninum  and  rises 
as  soon  as  the  metal  is  melted.  For  running  down  scrap  or  skimmings, 
the  flux  is  to  be  used  in  the  same  way,  but  more  must  be  used  than 
when  clean  metal  is  melted,  the  amount  depending  on  the  content 
of  impurities. 

Cryolite  (sodium  aluminum  fluoride)  is  sometimes  used  as  a  flux 
in  running  down  borings,  as  this  is  the  main  constituent  of  the  elec- 
trolyte used  in  the  reduction  of  aluminum,  and  aluminum  oxide  is 
quite  soluble  in  it.  The  melting  point  of  cryolite  (about  980^  C.)  is 
high  for  the  purpose,  and  various  substances  might  be  added  to  lower  it. 

In  the  direct  testimony  of  A.  H.  Cowles  before  the  Circuit  Court  of 
the  Northern  District  of  Ohio,  May  6,  1899,  C.  M.  Hall  is  quoted  as 
stating  that  Kd  and  NaCl  fluxes  do  not  dissolve  oxides  and  other 
dirt  from  aluminum,  but  fluorides  do.* 

Wright  '  states  that  the  electrolyte  used  in  the  production  of  alu- 
minum is  composed  of  cryolite  (AlFgNaF),  aluminum  fluoride,  and 
fluorspar  in  the  proportions  of  about  16  per  cent  CaF„  28  per  cent 
(AIF,NaF),  56  per  cent  A1F„  the  AlF,  being  made  by  treating  bauxite 
with  HF.  This  is  evidently  taken  from  the  United  States  patent 
400667  of  C.  M.  HaU,  whose  various  patents  Nos.  400665,  400666, 
400667,  and  400766  cover  AlF,  plus  fluorides  of  Na,  K,  li,  and  Ca. 

Pascal  *  intimates  that  cryolite  and  fluorspar  are  both  xised  in  the 
dectrolyte.    He  finds  that  the  eutectic  mixture  of  CaF,  and  Al^O, 

•Zflowxiisiy,  8.,  and  lUmrtwch,  P.,  Scbmelsmi  des  alkali  Chknide:  Zait.  anoiv-  obam.,  Bd.  06,  1910, 

*  Burgeas,  O.  K.,  Tha  maafluramant  of  high  tamparatures,  1912,  p.  451. 

'  Baa  alao  Coiriaa,  A.  H.,  Tba  aolublUt j  of  alumJna  in  a  bath  of  fnaad  finoridaa:  Mat.  and  Cham.  Eng.» 
TaL  11, 1913,  p.  177. 
'  Wr%ht,  J.,  Elactrle  fnmaoaa  and  thair  fndnatrial  appUcatbrna,  1906,  pp.  186-187. 

•  PMcal,  P.,  Dla  Elaktromatailiiigla  daa  Almninom,  Das  taruftra  Syatam  Tonaida-Plnorita-Kryolith: 
Ztachr.  EJactrocfaam.,  Bd.  19, 1918,  p.  610.  Pascal,  P.  and  Jouniaux,  M.,  6tudas  phsnrioo  chimiquas  sur 
V  flaetromatalhiisia  da  1'  aluminum:  Rav.  mat.,  1. 11, 1914,  p.  1069;  Bull.  aoc.  chim.  Fnnoa,  1. 15, 1914, 
p.  812;  Chan.  Abs.,  vol.  7, 1913,  p.  2804,  yol.  8, 1914,.  pp.  2529,  3260. 
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contains  27  per  cent  AlaO,  and  melts  at  1,270®  C,  whereas  Lorenz  • 
finds  that  it  contains  33  per  cent  Alfi^  and  melts  at  940°  C.  Hence 
fluorspar  is  a  solvent  for  alumina. 

Pascal  finds  a  ternary  eutectic  for  cryolite,  fluorspar,  and  alumina 
at  the  proportions  59.3  per  cent  cryolite,  23  per  cent  fluorspaT,  and 
17.7  per  cent  alumina — a  mixture  which  melts  at  868°  C. 

However,  in  the  published  accounts  *  of  laboratory  experiments  for 
making  aluminum,  natural  cryolite,  without  the  use  of  CaF,  or  AIF3, 
seems  to  be  the  electrolyte  used. 

Neumann  and  Olsen  mention  a  mixture  of  8  parts  cryolite  to  1  of 
NaCl,  and  also  appear  to  have  added  some  AlFj  to  the  electrolyte 
in  some  tests.  The  addition  of  NaCl  to  fluorides  in  the  manufacture 
of  aluminum  is  also  mentioned  by  Minet.^  A  mixtiu*e  of  40  parts 
AlF,  and  60  parts  NaCl,  another  of  20  to  50  parts  cryolite  and  80 
to  50  parts  NaCl,  and  still  another  of  35  parts  AlF,  10  parts  NaF, 
and  55  parts  NaCl  are  suggested. 

Plato  ^  states  that  a  mixture  of  60  parts  Kd  and  40  parts  KF 
melts  at  about  610°  C,  and  a  mixture  of  about  86  parts  CaCl,  and 
14  parts  CaFj  melts  at  about  650°  C. 

That  fluorspar  was  a  flux  for  Al^Oj  was  stated  by  Mierzinski  *  as 
far  back  as  1855,  and  fluorspar  is  known  to  be  a  good  flux  for  silicates, 
such  as  the  dirt  in  most  dirty  borings  doubtless  is. 

Fedotieff  and  Hjinsky^  find  that  the  eutectic  mixture  for  NaF 
and  AIF3  consists  of  36.5  per  cent  NaF  and  63.5  per  cent  AlF,  by- 
weight  and  melts  at  685°  C.  For  the  manufacture  of  aluminum 
they  recommend  a  mixture  of  the  formula  5NaF.  AlF^;  this  mixture 
has  a  lower  specific  gravity  than  the  eutectic,  but  has  to  be  run  at 
900°  C.  in  order  that  the  metal  may  separate  well.  The  use  of  CaF, 
is  not  advised,  as  its  specific  gravity  is  even  higher  than  that  of 
aluminum.  A  mixture  consisting  of  85  parts  CaCl,  and  15  parts  CaF, 
that  melts  at  about  650°  to  660°  C.  and  has  a  specific  gravity  of  2.5, 
slightly  higher  than  that  of  molten  aluminum,  is  mentioned  by 
several  workers  ^  on  the  electrolytic  production  of  calcium. 

a  Loreiiz,  R.,  Jabs,  A.,  and  Eitel,  W.,  Beitr^e  zur  Theorie  der  Aluminumdarstellung;  Ztschr.  anoiis. 
Chem.,  vol.  83,  1913,  p.  39. 

I  ft  Richardson,  H.  K.,  Some  observations  on  the  laboratory  production  of  aluminum:  Trans.  Am.  Electro- 
diem.Soc.,  vol.  19,  1911,  p.  169;  Thompson,  M.  DeKay,  The  eledaiolytic  reduction  of  aluminum  as  a 
laboratory  experiment:  Electrochem.  and  Met.  Ind.,  vol.  7, 1909,  p.  19;  Tucker,  S.  A.,  The  preparation  of 
altuninum  in  the  laboratory:  Electrochem.  and  Met.  Ind.,  vol. 7, 1909,  p.  315;  Neumann,  B.,  and  Olsen,  H., 
Production  of  aluminum  as  a  laboratory  experiment:  Electrochem.  and  Met.  Ind.,  vol.  8, 1910,  p.  1S5: 
Haber,  F.,and  Geipert,  R.,  Versuche  iiber  Aluminumdarstellung:  Ztschr.  Elektrochem.  Bd.  8, 1902,  p.  1; 
Borcheis,  W.,  Electric  smelting  and  reining,  translated  by  McMillan,  W.  O.,  1904,  p.  148. 

e  British  Patent  10057,  July  18,  1887. 

d  Plato,  W.,  Erstarrungserscheinungen  an  anorganischen  Salzen  und  Balzgemischen:  Ztschr.  phys. 
Chem.  Bd.  58,  1907,  pp.  362,  364. 

e  Mierzinski,  S.,  Die  Fabrikation  des  Aluminum  und  der  alkaline  Metalle,  1855,  p.  56. 

/Fedotieff,  P.  P.,  and  Iliinsky,  W.,  Beitr&ge  zur  Elektrometailui^ie  d«s  Aluminums:  Ztschr.  anorg. 
Chem.,  vol.  80, 1913,  p.  113. 

g  RufT,  0.,  and  Plata,  W.,  Zur  Darstellung  des  Calciums:  Ber.  deut.  chem.  Gesell.,  Jaiirg.  B5,  1903,  p. 
3612.  W5eMer,  P.,  Darstellimg  von  metallischen — Calcium  filr  Laboratoriumsz^recke;  Ztschr.  Elek- 
trochem., Bd.  11, 1905,  p.  612.  Biirgel,  C,  tJber  die  elektrolytische  Gewinnung  des  Calciums:  Ztsohr.  Elek- 
trochem., Bd  14, 1907,  p.  31. 
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Amdt  and  Loewenstein "  show  that  molten  CaCl,  can  dissolve 
3  per  cent  SiO,  at  820**  C,  5.5  per  cent  at  900''  C,  and  7.5  per  cent  at 
950''  C,  and  that  its  specific  gravity  at  800°  C.  is  2.05  and  at  900°  C 
is  2.00. 

Moldenhauer  and  Anderson*  give  630°  C.  as  the  melting  point  of 
the  two  lowest  melting  mixtxures  of  Cad,  and  KCl,  one  consisting  of 
85  parts  CaCl,  and  15  parts  KCl,  and  the  other,  40  parts  CaClj  and 
60  parte  KQ. 

It  is  therefore  seen  that  there  are,  a  number  of  possible  mixtures 
of  alkali  and  alkaline-earth  chlorides  and  fluorides  having  compara- 
tively low  melting  pointe  that  might  serve  as  a  molten  cover  or  flux 
m  melting  aluminum  chips.  Salts  of  heavy  metals  are  not  promis- 
ing, on  account  of  the  reduction  of  the  salts  to  metal  by  aluminum, 
and  the  salte  of  few  other  acids  are  sufficiently  stable  at  the  necessary 
temperature. 

BBIQUETTING  BGRTSaS. 

Again  it  has  been  suggested  that  the  borings  be  briquetted,  the 
theory  being  that  in  this  way  the  air  held  by  the  loose  borings  is 
eliminated  and  the  borings  put  in  such  shape  that  they  may  be 
readily  charged  and  submerged  below  the  surface  of  a  heel  of  molten 
metal. 

Such  briquete,  if  made  under  very  heavy  pressure,  are  almost  as 
solid,  when  cold,  as  ingot  metal.  Sperry^  advocates  this  treatment, 
and  says — 

Id  the  treatment  of  aluminum  chipe  this  proceas  is  particularly  imp(»tant  as  this 
metal,  more  than  any  other  commercial  one,  is  difficult  to  treat  in  such  a  form. 
When  briquetted,  the  melting  would  become  a  simple  operation  and  the  resulting 
metal  would  be  worth  using.  Metal  now  made  from  aluminum  chips  is  of  the  poor- 
est quality. 

It  is  claimed*  that  borings  that  gave  but  50  per  cent  recovery 
when  melted  loose  gave  85  per  cent  when  briquetted,  whereas  BKrsch* 
states  that  in  melting  aluminum  borings  loose  borings  were  melted 
m  50  minutes  per  crucible  (capacity  not  stated),  with  a  loss  of  13.8 
per  cent;  but  briquetted  borings  lost  only  8.1  per  cent  and  melted 
in  35  minutes. 

Two  properties  of  finely  divided  aluminum  must  be  taken  account 
of  in  any  successful  method  of  melting  chips.  First,  the  readiness 
with  which  aluminum  oxidizes,  and  second,  the  difficulty  with  which 
tiny  globules  of  molten  aluminum  coated  with  a  film  of  oxide  or 
dirt  coalesce. 

•  Amdt,  K.,  and  Loevonstehi,  W.,  t^ber  Losungen  von  Kalk  und  Kiesels&ure  in  goschJmolsenem 
Chlorcalchim;  Zt!tchr.  Elektrochem.,  6d.  15, 1909,  j.  784. 

ft  ifoldflnluiuer.  W..  and  Anderson,  J.,  (3ber  die  elektrolytische  Barstellong  von  calcium  Legierungen 
ODd  Calcium;  Ztschr.  Electrochem.,  Bd.  19, 1913,  p.  444. 

r  Sperry,  E.  B ,  Briqnetting  metal  chips:  Brass  World,  vol.  7, 1911,  p.  41. 

'  AnoD.,  Briquetting  mstal  turnings  and  borings:  Engineering,  vol.  94. 1913,  p.  737;  Jour.  Inst.  Metals, 
tol.  9, 1913,  p.  246. 

eSOrsch,  E.  F.,  Iletall-briketts:  Elektrotecb.  Ztschr.  vol.  36, 1914,  p.  1003. 
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OXIDATION  OF  ALT7KINT71C. 

Magnesium  powder  is  the  main  constituent  of  many  photographic 
flash-light  powders;  aluminum  powder  is  also  largely  used  for  this  pur- 
pose and,  when  suitably  heated  in  the  air,  bums  with  explosive  violence. 
Because  of  its  rapid  oxidation,  finely  divided  aluminum  is  used  in. 
illuminating  bombs  and  range-finding  shells  for  night  use  in  warfare. 
The  affinity  of  aluminum  for  oxygen  is  so  great  that  aluminum, 
powder,  when  mixed  with  the  finely  divided  oxide  of  the  metal  it  is 
desired  to  reduce  and  the  mixtxure  heated  in  one  spot  by  a  suitable 
primer,  reacts  with  great  violence,  forming  molten  aluminum  oxide 
and  the  metal  desired.  This  is  the  well-known  thermit  reaction  so 
much  used  for  the  production  of  difficultly  reducible  metals,  and 
which  produces  probably  the  highest  temperatures  attainable  by 
man,  save  those  of  certain  electric  furnaces. 

Finely  divided  aluminum,  mixed  with  an  oxidizing  agent  such  as 
ammonium  nitrate,  whose  decomposition  products  are  gaseous,  has 
been  suggested  as  an  explosive  for  miners'  use.^ 

Aluminum  oxide  is  not  reducible  to  the  metal  by  carbon,  even  in 
the  electric  furnace,  only  a  carbide  being  formed  save  in  the  pres- 
ence of  another  metal,  as  in  the  Cowles  process  for  the  manufacture 
of  aluminum  bronze.  To  reduce  the  oxide,  one  must  use  electrolysis 
in  a  fused  electrolyte.  Aluminum  chloride  is  reducible  by  metallic 
sodium  or  potassiimi. 

Echevarri^  states  that  in  ordinary  melting  of  ingot  the  metal 
should  not  be  heated  above  725^  C.  (1,330®  F.),  as  at  that  temperature 
aluminum  readily  oxidizes  with  the  oxygen  of  the  air. 

NTTBIDATION  OF  ALXTXHnTlff. 

Not  only  does  the  oxygen  of  the  air  but  also  the  relatively  inert 
nitrogen  combine  with  finely  divided,  highly  heated  aluminum. 
Several  workers  ^  find  that  if  aluminum  powder  is  heated  in  a  current 
of  nitrogen  to  a  temperature  of  about  700®  C.  the  temperature  rapidly 
rises,  even  to  1,300®  C.  in  the  interior  of  the  mass.  Matignon  '  states 
that  a  temperature  of  even  2,000®  C.  is  reached,  with  the  formation 
of  aluminum  nitride,  which  coats  the  tiny  globules  so  that  they  do 
not  coalesce. 

Zappi  ^  has  noted  that  the  more  finely  divided  metallic  aluminum 
is,  the  greater  the  protective  effect  of  the  oxide  coat,  as  large  pieces 

•  SflSti.  O.,  Itelian  Patent  133882,  Aug.  7, 1913*  Chem.  Abs.,  vol, ' .  1915,  p.  1385. 

b  EoheTtfri,  J.  T.  W.,  Aluminum  and  some  of  its  metals  used:  Jour.  Inst.  Metals,  toL  1, 1909,  p.  128. 

e  Staokofl,  I.,  Alumimmi  nitride:  Jour.  Russ.  Phys.  Chem.  Soc.,  vol.  40, 1908,  p.  457;  Sci.  Abe,,  Td.  13, 
1910,  p.  517;  Wolf,  J.,  Zur  Darstellung  von  Aluminiumnitiide  aus  den  elementen:  Ztsolir.  anorg.  Chem., 
Bd.  83, 1913,  p.  159;  Fichter,  F.,  t^ber  Alumlnlumnitride:  Ztschr.  anorg.  Chem.,  Bd.  54, 1907,  p.  334;  FIchter, 
F.,  and  SpM^,  A.,  Die  Reactionen  des  Alumlnlumnitride:  Ztschr.  anorg.  Chem.,  Bd.  83, 1913,  p.  193. 

d  Matignon,  C,  Synthesis  of  ammonia  by  means  of  aluminum  nitride:  Jour.  Franklin  Inst.,  toL  178, 
1914,  p.  794. 

c  Zappi,  E.  v.,  Action  of  metals  on  chloride  of  carbon:  Anales  soc.  quim.  Argentina,  vol.  8, 1914,  p.  317; 
Chem.  Abs.,  vol.  9, 1915,  p.  2117. 
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of  metallic  aluminum  react  with  carbon  tetrachloride  at  100^  C, 
while  aluminum  powder  does  not  react  at  280**  C. 

Vickers  •  states  that  in  melting  borings  under  a  heel  of  molten 
metal  considerable  nitrogen  is  absorbed,  which  will  produce  minute 
pinholes  in  the  castings.  He  states  that  0.5  per  cent  nitrogen  will 
reduce  the  strength  of  aluminum  alloy  one-half,  that  it  is  practically 
impossible  to  prevent  the  absorption  of  nitrogen  in  melting  turnings, 
and  that  the  only  way  to  remove  the  nitrogen  is  to  add  titanium. 
Rossi  ^  claims  that  the  addition  of  titanium  to  aluminum  removes 
both  nitrogen  and  carbon  as  titanium  nitride  and  cyanonitride. 

Sperry  *  states  that  aluminum  absorbs  nitrogen  while  melting.  It 
is  also  reported  ^  that  the  higher  the  temperature  to  which  the  metal 
is  heated  the  more  nitrogen  is  taken  up.  On  the  other  hand,  Fichter ' 
states  that  no  nitride  is  formed  in  melting  large  masses  of  alxuninum, 
even  if  nitrogen  be  blown  into  the  melt. 

In  unpublished  experiments  of  H.  S.  Bennett,  of  Cornell  University, 
nitrc^en  was  bubbled  through  7  pounds  of  molten  pure  aluminum 
held  at  960**  C.  to  1,010**  C.  for  70  minutes.  Physical  tests  (including 
the  ''hot  shortness''  test  f)  showed  no  change  in  properties,  although 
analysis  indicated  the  presence  of  traces  of  nitrogen. 

Carpenter  and  EMwards  ^  found  a  nitrogen  content  ranging  from 
nothing  up  to  0.0055  per  cent  in  some  of  the  aluminum  used  by  them. 
The  chief  chemist  of  a  large  aluminum  company  states  that  he  has 
never  found  over  0.001  per  cent.  One  laboratory  states  that  alum- 
inum may  contain  from  0.0024  to  0.06  per  cent.  On  two  samples  of 
a  lot  of  new  ingot  metal  suspected  of  containing  nitrogen,  one  labora- 
tory found  0.0571  and  0.0376  per  cent,  whereas  a  very  careful  analyst 
working  on  duplicate  samples  of  this  lot  found  only  0.0007  and 
0.0004  per  cent,  and  in  another  lot  known  to  have  been  very  strongly 
overheated  he  foimd  0.0004  per  cent. 

Inasmuch  as  aliuninum  nitride  does  not  appear  to  be  soluble  in 
metallic  aluminum,  it  seems  probable  that  if  any  nitride  really  exists 
in  ingot  refined  from  borings,  it  is  mechanically  included,  although 
Tchijerski  ^  claims  that  aluminum  nitride  can  form  a  solid  solution 
with  iron.  However,  nitrogen  is  absorbed  in  melting  borings  or  in 
remelting  skimmings,  when  finely  divided  metal  is  present  and  the 
mass  is  heated  very  hot.    A  nitrogen  content  that  would  correspond 

•  Vickfln,  C,  How  to  mttit  ahiminum  turnings  and  borings:  Foundry,  vol.  41, 1013,  p.  119. 
»  Rosri,  A.  J.,  U.  8.  Patents  1,066,125, 1,065,488, 1,104,371. 

c  Speny,  B.  8.,  Notts:  Brass  World,  voL  8, 1912,  pp.  134,  270. 

4  AnoD:  Some  hints  on  the  melting  of  aluminum:  Castings,  vol.  11, 1911,  p.  2. 

•  Fictitflr,  F.,  9ber  ainmininmnitride:  Ztaohr.  anoig.  Cham.,  Bd.  54, 1907,  p.  824. 

/Norton,  A.  B.,  A  *'hot  shortness"  testing  machine  for  aluminum  alloys:  Trans.  Am.  Inst.  Metals, 
TOL  8, 1914,  pp.  134-127. 

f  Carpenter,  H.  C.  H.,  and  Edwards,  C.  A.,  Eighth  report  to  the  Alloys  Ressaroh  Committee:  Proo. 
Inst.  Meoh.  Eng.,  1907,  p.  57. 

ft  TehQerski,  N.  P.,  Iron  and  nitrogen:  Rev.  Soo.  Russ.  Met.,  vol.  1, 1^13,  p.  127;  Scianoe  Abs.,  vol.  18, 
1915,  p.  256;  Rev.  met.,  1. 11, 1915,  p.  617. 
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to  15  per  cent  AIN  has  been  found  in  the  dross  taken  oflf  in  the  re- 
melting  of  skimmings,  a  little  ZnCl,  being  used  as  flux. 

Richards  ^  has  called  attention  to  the  fact  that  the  dross  skimmed 
oflF  of  molten  aluminum  gives  off  anmionia  in  moist  air,  owing  to  the 
formation  of  aluminum  nitride. 

On  the  absorption  of  nitrogen  by  mixtures  of  alumina  and  carbon 
at  high  temperatures  are  based  several  processes  for  the  fixation  of 
atmospheric  nitrogen,  such  as  those  of  Serpek,  who  aims  to  produce 
aluminum  nitride,  and  of  Peacock,  who  aims  to  produce  a  carbo- 
nitride.  Whatever  be  the  exact  product  or  the  reaction  that  takes 
place  in  refining  borings,  it  is  certain  that  both  the  oxygen  and 
nitrogen  of  the  air  enter  into  the  formation  of  the  dross.  It  is  also 
stated  ^  that  in  melting  aluminum  in  graphite  crucibles,  if  the  metal 
is  allowed  to  become  very  hot  and  is  then  stirred  so  that  particles  of 
graphite  are  scraped  off  the  crucible,  some  aluminum  carbide  will  be 
formed.  Whether  this  be  true  or  not,  there  is  some  indication  that 
minute  traces  of  some  carbide,  whether  a  carbide  of  cduminum  or  of 
some  impurity  is  not  known,  may  be  present  in  most  aluminum,  as 
the  odor  of  a  freshly  fractured  surface,  such  as  that  of  a  tensile  test 
bar,  often  decidedly  reminds  one  of  a  faint  acetylene-like  odor*^  and 
seems  to  be  stronger  on  the  fract\u*e  of  metal  obtained  by  remelting 
borings  than  on  that  of  ordinary  ingot.  As  aluminum  carbide 
(AI4CJ)  with  water  produces  methane  instead  of  acetylene,  it  is 
peculiar  that  so  marked  an  odor  should  be  present  if  the  carbide  is 
one  of  aliiminum  itself. 

COALESCENCE  OF  MOLTEN  ALUMINUM  OLOBULES. 

Whether  the  globules  formed  when  finely  divided  aluminum  is 
melted  are  covered  with  a  thin  film  of  oxide,  or  mixed  oxide  and 
nitride,  or  possibly  carbide,  or  with  fine  dirt,  they  do  not  coalesce 
readily,  but  remain  as  distinct  globules,  something  hke  drops  of  water 
on  a  dusty  table.  If  a  mass  of  these  coated  globules  could  be  pic- 
tured the  mass  would  show  a  honeycomb-like  formation  with  the 
drops  of  molten  metal  as  the  honey  and  the  film  of  dirt  and  oxide  as 
the  comb.  In  other  words,  there  is  an  emulsion  of  a  soUd  (the  film) 
and  a  hquid  (the  metal).  If  this  emulsion  is  not  entirely  broken  up 
and  the  metal  freed  from  the  enveloping  film,  the  whole  mass  of 
oxide  and  dirt  with  the  inclosed  metal  will  be  skimmed  off  from  what 
metal  has  coalesced  in  the  bottom  of  the  crucible.  As  soon  as  air 
strikes  this  mass  of  hot  porous  dross,  as  it  does  when  the  dross  is 
skimmed  off,  the  tiny  metaUic  globules  entangled  in  the  dross  oxidize 
at  once.     The  heat  of  the  reaction  is  so  great  that  a  layer  of  such 

a  Richards,  J.  W.,  Aluminum  nitride:  Traas.  Am.  Electrochem.  80c.,  vol.  23, 1913,  p.  351. 

5  Anon.,  Aluminum  melting  difficulties:  Foundry,  vol.  42, 1914,  p.  73. 

c  Se*  Beckman,  J.  W.,  In  discussion:  Trans.  Am.  Electrochem.  Soc.,  vol.  19, 1911,  p.  177. 
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dross  a  few  inches  thick  put  on  an  iron  plate  a  quarter  of  an  inch 
thick  will  rapidly  bum  a  hole  through  the  iron.  ' 

Fairly  large  borings  free  from  dirt  form  comparatively  large 
globules,  which  can  by  their  own  weight  break  through  the  envelop- 
ing film  of  oxide,  coalesce  well,  and  melt  down  without  much  loss. 
But  the  smaller  borings,  that  will  pass  a  20-mesh  sieve  and  may  have 
a  thickness  of  but  0.005  inch  or  less,  form,  it  will  be  seen,  almost 
microscopic  globules  when  melted,  the  weight  of  which  is  not  suffi- 
cient to  break  through  even  the  very  thin  film  of  oxide,  to  say  nothing 
of  adhering  dirt. 

Skinner  and  Chubb  ^  state  that  the  oxide  film  obtained  in  the 
electrolytic  insulation  of  aluminum  wire  which  is  from  0.0001  to 
0.0004  inch  thick  will  stand  up  without  rupturing,  in  small  coils, 
even  when  the  coil  is  carrying  so  much  current  that  the  wire  is  molten 
within  this  extremely  thin  shell. 

Seligman  *  and  Morrison  ^  as  well  as  Schoop  ^  state  that  the  film 
of  oxide  on  untreated  aluminum  wire,  which  is,  of  course,  infinitely 
thinner  than  the  film  on  the  electrolytically  insulated  wire,  prevents 
two  wires  from  welding  together  without  the  use  of  a  flux  to  dissolve 
the  oxide  and  give  true  metallic  contact. 

In  "calorizing"  iron  or  steel — that  is,  coating  it  with  a  film  of 
aluminimi  and  aluminum  oxide — the  piece  to  be  calorized  is  packed 
in  a  mixture  of  5  to  50  parts  powdered  aluminum,  94  to  49  parts 
aluminum  oxide,  and  1  part  anmionium  chloride  and  then  heated  to 
900®  to  950°  C.,*  or  far  above  the  melting  point  of  the  aluminum. 
The  globules  of  aluminum  do  not  coalesce. 

ANAI^OOOXTS  PROBLEMS  IN  COALESCBNOE  OF  OTHER  METALS. 

MEBCUBY  AND  TIN. 

The  failure  of  the  aluminum  to  coalesce  is  similar  to  the  behavior  of 
floured  or  sickened  mercury,  globules  of  which  when  coated  with 
talc,  graphite,  grease,  or  other  materials  of  that  nature,  coalesce  with 
the  greatest  difficulty.^  Another  case  where  coalescence  of  particles 
of  a  metal  is  inhibited  by  a  network  of  foreign  material  about  them 
is  in  fusible  tin  boiler  plugs,  where  Burgess  and  Merica  ^  find  that  a 
httle  tin  oxide  may  prevent  the  blowing  out  of  a  boiler  plug  even 
after  the  tin  is  all  melted. 

a  Bklmur,  C.  E.,  and  Chabb,  L.  W.,  The  electrolytic  insulation  of  aluminum  wire:  Trans.  Am.  Electro* 
dwm.  Soc.,  vol.  26, 1914,  p.  137. 

h  Seligman,  R.,  The  welding  of  aluminum:  Jour.  Inst.  Metals,  British,  vol.  2, 1909,  p.  281. 

t  Morrison,  W.  M.,  Discussion:  Jour.  Inst.  Metals,  British,  vol.  1,  1909,  p.  150. 

'Seboop,  M.  v.,  Autogenous  weldix^  of  aluminum:  Electrochem.  Met.  Ind.,  vol.  7, 1909,  p.  151. 

c Ruder,  W.  E.,  Calorizing  metals:  Trans.  Am.  Electrochem.  Soc.,  vol.  27, 1915,  p.  254. 

/  See  OowlandfW.,  The  metalloigy  of  the  nonferrous  metals,  1914,  p.  305. 

#  Burgess,  G.  K.,  and  Merlci^  P.  D.,  An  investigation  of  fusible  tin  boiler  plugs;  Jour.  Wash.  Acad» 
8eL,  Tol.  5, 1915,  p*  Ml-    Trans.  Am.  Inst.  Metals,  vol.  9, 1915.    Adv.  copy  3  pp. 
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BLUE   POWDER. 

• 

A  closer  analogy,  however,  is  that  of  the  diflBiCultly  meltable  "blue 
powder"  obtained  in  zinc  smelting.  Blue  powder,  according  to  the 
general  consensus  of  opinion,  consists  of  tiny  globules  of  zinc  which, 
as  they  condense  from  the  retort,  become  coated  with  a  thin  film  con- 
sisting mainly  of  zinc  oxide  with  perhaps  some  silica. 

The  presence  of  an  oxide  coating  on  the  particles  of  blue  powder 
is  an  advantage  for  one  particular  purpose,  that  of  sherardizing,  since 
this  coating  prevents  the  coalescence  of  the  zinc  dust,  which  is  in  this 
case  undesirable.  Hence,  according  to  Trood,^  zinc  oxide  in  a  zinc 
dust  for  sherardizing  purposes  should  not  be  below  8  per  cent. 

Roeber*  distinguishes  between  phjrsical  blue  powder,  or  zinc  snow, 
which  is  finely  divided  pure  zinc  free  from  any  coating  and  according 
to  Hansen  *  can  be  easily  remelted,  and  chemical  blue  powder,  which 
is  finely  divided  zinc  coated  with  oxide  and  silica  and  can  not  be 
remelted  without  great  loss. 

Ingalls,*  Johnson,*  Lyon  and  Keeney,^  and  West,^  explain  the 
formation  of  immeltable  blue  powder  in  similar  ways. 

Peterson*  states,  however,  that  blue  powder  has  the  same  chemical 
analysis  as  spelter,  the  difference  being  merely  a  physical  one,  and 
that  attempts  to  melt  blue  powder  in  open  vessels  fail  because  of 
oxidation  during  the  heating,  before  consolidation  can  take  place. 

Sleeker,^  on  the  other  hand,  states  that  blue  powder  contains  but 
80  to  95  per  cent  of  metaUic  zinc,  the  rest  being  oxide,  with  traces 
of  other  im'piuities  as  weU. 

Ingalls  ^  gives  analyses  showing  the  presence  of  7.5  to  10  per  cent 
of  zinc  oxide,  on  the  average. 

By  putting  blue  powder  into  fused  zinc  chloride  held  at  a  tempera- 
ture above  the  melting  point  of  zinc,  Bleeker  foimd  that  some  of  the 
zinc  coalesced,  and  that  on  passing  a  direct  electric  current  through 
the  molten  bath  the  suspended  zinc  particles  migrated  to  the  cathode 
and  coalesced.  The  recovery  was  over  100  per  cent,  owing  to  electro- 
lysis of  the  zinc  chloride. 

Peterson*  got  promising  results  by  this  method.  He  also  tried 
putting  blue  powder  in  an  iron  cylinder  with  notches,  corresponding 

•  Trood,  S.,  ShcnrdUIng:  Tnms.  Am.  Inst.  Met&ls,  yol.  9,  1915.    Advance  copy,  11  pi>. 
b  Roeber,  E.  F.,  Editorial,  Met.  and  Chem.  Eng.,  vol.  10, 1912,  p.  451. 

c  Hansen  C.  A.,  In  discussion,  Trans.  Am.  Electrochem.  Soc.,  vol.  24  1913,  p.  138. 

d  Ingalls,  W.  R.,  The  electric  smelting  of  zinc  ore:  Met.  and  Chem.  Eng.,  vol.  10, 1912,  p.  482. 

•  Johnson,  W.  McA.,  The  art  of  electric  xlnc  smelting:  Trans.  Am.  Electrochem.  Soc,  vol.  24, 1913,  p. 
191.    Met.  and  Chem.  Eng.,  vol.  13,  1915,  p.  763;  U.  S.  Patent  1,150,271,  Aug.  17,  1915. 

/  Lyon,  D.  A.  and  Keenej,  R.  M.,  Possible  applications  of  the  electric  furnace  to  western  metallurgy: 
Trans.  Am.  Electrochem.  Soc.,  vol.  24, 1913,  p.  138. 
9  West,  T.,  Determination  of  oxygen  in  copper  and  brass:  Jour.  Inst.  Met.,  vol.  10,  1913,  p.  379. 

*  Peterson,  P.  E.,  The  electric  sine  flimaoe:  Trans.  Am.  Electrochem.  Soc.,  vol.  24,  1913,  p.  231. 

<  Bleeker,  W.  F.,  An  electrolytic  method  for  the  reduction  of  blue  povder:  Trans.  Am.  Electrodiem. 
See.,  vol.  21, 1912,  p.  369. 
j  Ingalls,  W.  R.,  The  metallurgy  of  sine  and  oadmium,  1903  ed.,  pp.  205,  529. 

*  Ptteraon,  P.  B.,  Loc  dt 
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to  tap  holes,  in  the  bottom,  placing  an  iron  plunger  actuated  by  a 
screw  on  top  of  the  powder,  heating  the  whole  to  600°  to  700^  C, 
and  applying  pressure  with  the  plunger.  In  this  way  he  was  able  to 
break  the  film  of  oxide  and  make  the  zinc  globides  coalesce,  getting 
a  recovery  of  80  to  85  per  cent. 

Peterson's  furnace  is  merely  a  modification  of  the  old  Montefiore 
furnace  for  the  melting  of  blue  powder,  described  by  IngaUs.®  This 
furnace  contained  upright  boot-shaped  retorts  into  which  40  to  50 
pounds  of  blue  powder  was  charged,  a  clay  piston  weighted  with  an 
iron  bar  being  put  on  top  of  the  powder  in  the  leg  of  the  boot  to  sup- 
ply pressure  to  break  the  oxide  film.  The  metal  ran  out  from  the 
toe  of  the  boot.  The  yield  was  85  per  cent  to  86  per  cent,  but  the 
metal  occluded  a  good  deal  of  oxide  and  was  hence  of  poor  quaUty, 
so  that  the  use  of  the  furnaces  was  generaUy  given  up  in  favor  of 
redistilling  the  blue  powder. 

Cote  and  Pierron  *  siiggest  a  continuous  furnace  for  the  melting  of 
blue  powder,  in  which  the  powder  is  fed  into  a  horizontal  cylinder 
within  which  rotates  a  solid  eccentric  cylinder,  smooth  on  one  side 
and  bearing  helically  arranged  flanges  on  the  other.  The  smooth 
side  almost  or  quite  touches  the  interior  of  the  hoUow  cylinder  and 
exerts  pressure  on  the  mass  of  blue  powder. 

The  flanges  act  as  a  screw  conveyor  to  move  the  material  from  the 
hopper  opening  at  one  end  to  the  discharge  opening  at  the  other. 
The  blue  powder  is  mixed  with  a  suitable  flux  and  fed  into  the  hollow 
cylinder,  which  is  kept  at  450°  to  500°  C.  (30°  to  80°  above  the  melting 
point  of  zinc)  by  various  means,  among  which  electrical  heating  is  men- 
tioned, triturated  by  the  inner  cylinder  and  agglomerated  into  semifluid 
masses  in  which  the  tiny  globules  have  coalesced  into  much  larger  ones, 
and  which  may  therefore  be  remelted  and  the  oxide  released. 

It  is  stated  in  the  patent  that  from  blue  powder  containing  85 
per  cent  of  metallic  zinc  80  per  cent  of  the  metal,  or  68  per  cent  of  the 
original  blue  powder,  may  be  recovered,  even  in  a  '*poor  apparatus," 
and  that  imder  good  conditions  the  whole  of  the  metal  content  may 
be  recovered.  As  fluxes,  sodium,  potassium,  and  calcium  chlorides, 
camallite,  zinc  chloride,  and  sodium  and  potassium  chlorozincates, 
or  mixtures  of  these,  are  mentioned.  A  flux  consisting  of  60  per  cent 
of  NaCl  and  40  per  cent  CaCl,,  used  in  the  proportion  of  15  to  20  per 
cent  of  the  weight  of  the  blue  powder,  is  recommended. 

No  information  is  at  hand  as  to  whether  or  not  this  furnace  has 
proved  commerciaUy  successful  or  as  to  the  maintenance  cost. 

Richards^  states  that  one  of  the  difficulties  in  the  electrolytic  refining 
of  zinc  is  the  deposition  of  spongy  zinc,  which  loses  20  to  25  per  cent  on 
remdting,  though  this  loss  is  decreased  by  using  sal  ammoniac  as  a  flux. 

•  IngBlb,  W.  R.,  The  raetaUurgy  of  sine  and  cadminm,  1903  ed.,  p.  S27. 

>  Cote,  E.  F.,  and  Pierron,  P.  R.,  French  Patent  458111,  July  29,  1912. 

c  Ridards,  J.  W,,  The  electrolytic  deposition  of  xlnc:  Trans.  Am.  Electrochem.  Soc.,  vol.  25, 1914,  p.  281. 
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Thierry  "  states  that  attempts  made  to  melt  blue  powder  with 
sal  ammoniac  result  in  a  loss  of  zinc  and  present  numerous  difficulties 
90  that  the  method  had  not  been  used  in  commercial  practice. 

He  further  states  that  in  order  to  make  the  powder  coalesce  on 
melting  it  is  desirable  to  remove  the  oxide  coating  by  adding  just 
sufficient  hydrochloric  acid  to  dissolve  the  oxide,  without  leaving 
any  excess  acid  to  act  on  the  metallic  zinc,  the  proper  amount  of 
acid  being  determined  by  analysis.  The  cleaned  powder  is  then  com- 
pressed to  remove  the  solution,  and  the  blocks  melted  down  out  of 
contact  with  air.  Information  as  to  the  commercial  operation  of 
this  process  is  lacking. 

SUMMAHY  OF  METHODS  SXTOGESTED. 

The  methods  suggested  in  the  literature  for  melting  aluminum  chips 
and  for  the  analagous  problem  of  melting  '*blue  powder"  fall  into 
the  following  general  classes: 

1.  Feeding  the  chips  back  into  the  aluminum  reduction  pots  and 
subjecting  the  melt  to  electrolysis. 

2.  The  use  of  a  flux,  or,  more  strictly,  a  molten  cover,  melting  at 
or  below  the  melting  point  of  aluminum  or  of  the  alloy  to  be  remelted, 
in  order  to  exclude  air  in  ordinary  furnaces. 

3.  The  use  of  a  true  flux  that  will  dissolve  aluminum  oxide  and  dirt. 

4.  Exclusion  of  air  by  stirring  the  chips  into  a  previously  molten 
*'heel"  of  aluminum  in  an  ordinary  furnace. 

5.  Exclusion  of  air  by  the  use  of  a  vacuum  furnace  or  a  retort  fur- 
nace, or  by  utilizing  the  stored  heat  in  the  walls  of  a  previously  heated 
furnace. 

6.  Briquet  ting  the  chips  while  cold  in  order  to  press  adjacent  chips 
closely  together  and  thus  make  coalescence  more  easy,  to  reduce  the 
amount  of  air  held  by  the  borings,  and  to  permit  easy  poking  of  the 
borings  down  imder  the  surface  of  the  molten  metal. 

7.  Subjecting  a  mass  of  chips  to  pressure  while  melting  to  promote 
coalescence,  or  subjecting  it  both  to  slight  pressure  and  to  constant 
stirring,  as  in  the  puddling  method. 

8.  Promoting  coalescence  by  stirring  a  volatile  material  such  as 
NH.Cl,  ZnCl,,  or  AlCl,,  which  vaporize  at  350°,  730°,  and  183°  C, 
respectively,  into  the  mass  of  globules  of  metal  mixed  with  oxide  and 
dirt.  The  gas  evolved  lifts  the  particles  and  stirs  them  so  that  some 
of  the  tiny  globules  may  come  into  metallic  contact  and  coalesce. 
There  is  also  a  possibility  that  the  nascent  chlorine  formed  by  the 
dissociation  of  the  substances  may  react  with  the  oxide  film  to  form 
the  chloride  and  thus  clean  the  surface  of  the  globule. 

9.  Cleaning  the  surface  of  the  chips  with  chemical  solutions  before 
melting. 

o  Tliierry,  C.  V.,  U.  S.  Patent  lOSOSAl.  June  25. 1912. 
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MFTHODS  USED  COMMERCIALLY  IN  MELTING  CHIPS. 

Seligman*  states  that  in  British  practice,  as  a  rule,  no  flux  is 
used  in  remelting  chips  and  that  the  loss  is  high  because  of  the  high 
temperature  needed  to  free  the  metal  from  the  dross.  He  does  not 
consider  the  use  of  NH4O  or  ZnCl,  to  be  of  much  value  and  states 
that  the  use  of  ZnCl,,  particularly  with  pure  aluminum,  is  disadvan- 
tageous, as  it  contaminates  the  metal  with  zinc.  He  has  obtained 
nearly  perfect  recovery  by  adding  fine  scrap  and  turnings  to  the 
reduction  pots,  but  the  impurities  are  likely  to  upset  the  bath.  He 
has  had  good  recoveries  when  using  low-melting  fluoride-containing 
fluxes  similar  to  the  Schoop  flux  for  welding,  even  getting  ingot 
from  aluminum  powder,  but  such  fluxes  attack  the  crucible. 

PRACTICE  AT  AN  AMERICAN  PLANT. 
CRUCIBLE   METHOD. 

In  the  practice  of  one  American  refining  company  borings  have 
been  melted  in  various  ways,  first  in  coke,  pit  furnaces,  with  a  small 
amount  of  common  salt  as  flux,  and  later  with  No.  250  crucibles  in 
either  coke  or  oil-fired  pit  furnaces.  The  crucibles  were  charged 
with  borings  and  set  into  the  furnace.  When  the  borings  became 
pasty — that  is,  when  the  metal  melted  but  had  not  yet  broken 
through  the  skin  of  oxide  plus  dirt  that  had  formed  about  each 
chip — the  mass  was  poked  down  with  a  stirrer  and  more  borings 
added  through  a  long  sheet-iron  funnel.  This  was  repeated  until 
the  crucible  was  full  of  molten  metal  and  dross.  A  Uttle  sal  ammo- 
niac (commercial  ammonium  chloride)  was  added  from  time  to  time 
as  the  metal  was  poked  and  stirred.  If  the  dross  seemed  free  from 
metallic  particles,  some  of  it  was  taken  off  with  a  skimmer  during 
the  process  of  melting,  so  as  to  give  more  room  in  the  crucible.  It 
was  considered  that  the  more  often  the  metal  was  poked  down,  so 
as  to  break  the  oxide  film  inclosing  the  particles,  the  better  would 
be  the  results.  At  the  end  of  the  melt  the  pot  was  pulled  from  the 
fire,  and  more  sal  ammoniac  was  added  and  stirred  and  poked  well 
into  the  dross,  a  total  weight  of  sal  ammoniac  equal  to  about  1  per 
cent  of  the  weight  of  borings  used  being  the  usual  quantity  added. 

The  dross  skimmed  off  in  this  method  was  usually  somewhat 
caked  together,  still  contained  small  globules  of  molten  metal,  and 
was  very  hot.  As  soon  as  it  was  exposed  to  the  air,  violent  oxida- 
tion, much  like  the  thermit  reaction,  set  in,  and  the  mass  glowed 
with  an  almost  blinding  light.  If  the  dross  was  not  spread  out 
thinly,  so  as  to  cool  rapidly,  or  else  covered  thickly  with  sand,  so 
as  to  exclude  the  air,  it  would  get  hotter  and  hotter,  evidently  from 
the  oxidation  and  nitridation  of  the  metallic  aluminum  still  con- 

•  Beligraan,  R.,  In  personal  letter  to  G«  M.  Junes,  March,  1016. 
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tained  in  it.  When  a  pile  of  this  dross  a  few  inches  thick  was  put 
on  a  J-inch  iron  plate,  it  would  melt  a  hole  through  the  iron  in  a 
short  time,  and  the  pile  would  glow  for  hours.  The  dross,  when  put 
into  water  or  allowed  to  stand  in  moist  air  gave  off  ammonia. 

After  the  dross  had  been  skimmed  from  the  surface  of  the  metal 
and  any  adhering  below  the  surface  to  the  walls  or  bottom  of  the 
crucible  had  been  loosened  and  skimmed  off,  the  metal  was  cooled 
by  adding  some  soUd  ingot  poured  from  a  previous  melt,  as  it  was 
so  hot  that  if  poured  without  cooling  the  ingot  would  have  a  poor 
surface  appearance. 

It  was  necessary  to  get  the  metal  very  hot,  as  otherwise  even  the 
larger  globules  of  metal  held  by  the  dross  would  not  be  fluid  enough 
to  break  through  the  enveloping  dross  and  coalesce. 

MELTING  IN  IKON  POTS,  WITH  PUDDLING  AND  ZINC  CHLORIDE  FLUX. 

This  firm  has  lately  changed  from  crucible  melting  to  iron-pot 
melting,  the  new  furnaces  being  similar  to  those  commonly  used  in 
aluminum  foundries,  where  it  is  now  more  common  to  melt  alumi- 
num alloys  in  cast-iron  pots  than  in  crucibles.  The  net  metal  loss 
in  melting  ingots  for  casting  in  iron  pots  is  not  over  one-third  of 
1  per  cent,  if  reasonable  care  is  taken,  when  the  recovery  of  metal 
made  on  remelting  the  skimmings  from  the  first  melting  is  taken 
account  of. 

The  furnace  used  is  cylindrical,  lined  with  fire  brick,  and  covered 
by  a  heavy  iron  plate  with  a  hole  in  it,  into  which  the  pot  sets,  a 
flange  at  the  edge  of  the  pot  holding  it  suspended  in  the  furnace. 
The  furnace  is  not  sunk  in  a  pit,  but  stands  about  3^  feet  high  above 
the  floor.  The  furnace  is  fired  with  oil,  the  flame  from  the  burner 
entering  the  combustion  chamber  below  the  pot  through  a  hole  in 
the  furnace  shell  and  the  waste  gases  being  taken  off  through  a  port 
in  the  shell  near  the  top.  The  furnace  is  usually  not  tilting,  and 
the  metal  is  ladled  out,  but  tilting  furnaces  using  iron  pots  have 
recently  come  into  use  for  melting  ingot.  In  such  furnaces  the 
products  of  combustion  do  not  sweep  over  the  surface  of  the  metal, 
as  they  do  in  a  pit  furnace,  and  the  metal  loss  in  melting  ingot  alu- 
minum alloy  is  less  than  in  crucibles  in  a  coke  fire.  Resting  on  the 
top  of  the  furnace  is  a  sheet-iron  cylinder,  with  a  wide  door  in  the 
front  leading  into  a  conical  hood,  which  takes  the  fumes  from  the 
cutting  oil  and  other  impurities  and  the  volatile  fluxes  off  to  a  short 
sheet-iron  stack. 

A  few  borings  are  put  into  the  pot  and  heated,  with  constant  stir- 
ring, until  they  become  pasty  or  semifluid.  More  borings  are  then 
added  to  the  mass,  which  is  not  allowed  to  become  reafly  molten, 
but  is  kept  mushy.  The  borings  are  puddled  all  the  time,  a  furnace 
tender  being  required  for  each  furnace.    The  flame,  the  stirring, 
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and  the  feeding  of  borings  are  all  so  regulated  that  at  no  time  is 
the  metal  allowed  to  become  even  faintly  red. 

If  the  flame  is  run  too  high,  if  the  stirring  is  not  sufficient,  or  if 
the  borings  are  fed  in  too  fast  for  proper  stirring,  oxidation  will 
start  in  the  mass  and  the  temperature  will  rise  rapidly,  with  conse- 
quent increased  oxidation  and  further  rise  in  temperature,  till  nearly 
the  whole  mass  will  be  converted  to  oxide.  Hence  the  charge  is 
kept  small  enough — probably  between  100  and  150  poimds — so  that 
the  furnace  tender  can  keep  it  all  constantly  worked  over.  When 
no  more  borings  can  be  added  and  efficiently  stirred  in,  the  pot  is 
covered  and  the  temperature  raised  somewhat,  so  as  to  allow  the 
metal  to  settle  and  the  dross  to  rise.  Then  the  bottom  and  sides  of 
the  pot  are  scraped  free  from  dross  and  about  2  per  cent  of  fused 
ZnCl,  is  stirred  vigorously  into  the  flross  on  top.  After  the  zinc 
chloride  has  volatilized  the  dross  is  taken  off  with  a  perforated  skim- 
mer. Each  skimmerful  is  allowed  to  remain  in  the  air  only  the 
shortest  possible  time,  the  dross  being  at  once  dropped  into  an  iron 
tank  partly  full  of  water.  Much  ammonia  is  evolved  as  the  nitride- 
bearing  dross  reaches  the  water,  and  some  inflammable  gases,  prob- 
ably hydrocarbons,  are  also  produced.  With  this  type  of  furnace  it 
is  possible  to  stir  the  metal  continuously,  which  was  not  the  case 
with  crucibles  in  pit  furnaces.  The  vital  points  of  the  process  he  in 
keeping  the  temperature  down  while  the  borings  are  being  added 
and  in  constant  stirring  to  promote  coalescence. 

It  is  difficult  to  poke  borings  down  into  a  crucible  or  to  stir  them  in  a 
pit  fire  because  of  the  heat,  the  necessary  length  of  the  stirrer  handle, 
and  the  choking  fumes  that  arise  from  the  oily  borings  and  from  the 
volatile  fluxes  used  at  the  end  of  the  heat.  In  the  pot  method  the 
heat  is  not  great,  the  workman  is  only  a  couple  of  feet  from  the  pot 
and  can  use  his  stirrer  to  better  advantage,  and  the  fumes  are  pretty 
well  taken  off. 

By  the  pit-furnace  method  this  firm  found  it  difficult  to  obtain  over 
50  per  cent  recovery,  whereas  with  the  pot  method  the  recoveries 
on  the  original  material,  not  on  the  metal  content,  are  given  as  follows: 
For  1913,  67.8  per  cent,  for  1914,  68  per  cent,  and  for  the  first  part  of 
1915,  69.6  per  cent.  These  figures  are  on  material  which  includes  a 
certain  proportion  of  centrifuged  borings.  These  borings  are  sent 
to  the  refining  plant  by  an  automobile  company  that  uses  a  water- 
soluble  cutting  compound,  and  states  that  it  uses  a  centrifugal  dryer 
running  at  600  revolutions  per  minute  for  drying  aluminum  chips. 
The  dryer  fakes  a  charge  of  about  175  poimds  and  three  or  four  minutes 
whirling  reduces  the  Uquid  content  in  the  borings  to  3  to  5  per  cent. 
No  water  is  added  to  wash  out  the  cutting  compoimd.  After  the 
borings  are  centrifuged  they  are  stored  in  sheds  until  a  carload  has 
accumulated,   when   they   are  sent   to   the   refiner.    The   average 
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recovery  on  the  dried  borings  is  stated  by  the  company  to  be  85  to  86 
per  cent,  whereas  previous  to  such  drying  the  recovery  on  the  bor- 
ings was  50  to  60  per  cent.  There  is  little  dirt  in  these  borings,  as 
the  floors  about  the  machines  are  kept  well  scrubbed. 

Before  the  centrifuge  was  used  for  drying  the  borings,  if  borings  wet 
with  the  cutting  compound  were  placed  in  the  storage  bins  after  a 
little  time  fumes  would  arise  that  had  an  odor  similar  to  ammonia  or 
smoked  herring,  then  the  borings  would  corrode  rapidly.  Now,  there 
is  no  loss  from  corroding  or  overheated  borings.  Although  the  re- 
covery is  given  by  the  automobile  company  as  85  to  86  per  cent  on 
the  borings  as  shipped  from  the  plant  to  the  refiner,  the  refiner  states 
that  there  is  usually  4  to  5  per  cent  of  iron  borings  mixed  with  the 
aluminum.  The  iron  is  removpd  as  completely  as  possible  by  passing 
the  borings  over  a  magnetic  separator.  Therefore  the  recovery  on 
the  actual  aluminum  content  of  the  chips  is   about  90  per  cent. 

The  statement  that  an  odor  as  of  ammonia  or  smoked  herring 
arose  from  the  damp  borings  on  standing  in  the  air,  heated  only  by 
the  heat  of  reaction  due  to  oxidation,  indicated  an  interesting  fixation 
of  atmospheric  nitrogen  at  low  temperatures.  Some  of  the  cutting 
compound  used  was  obtained  and  both  clean  millings  of  pure  alumi- 
num and  oily  No.  12  alloy  chips  were  soaked  with  it  and  allowed  to 
stand  in  the  air,  and  also  were  heated  somewhat  by  external  means, 
but  no  odor  of  ammonia  or  amines  was  noted. 

MBLTING  WITH  ZnCVNaCl  FLTJX  IN  GBXTCIBLES. 

Another  refining  plant,  which  deals  but  seldom  with  aluminum 
chips,  reported  that  it  had  sprinkled  borings  with  2  per  cent  of  a 
strong  ZnClj  sdlution  and  added  2  per  cent  of  dry  common  salt, 
and  run  the  borings  down  in  crucibles  in  coke  fires,  getting  a  recovery 
of  80  to  82  per  cent,  but  the  borings  were  very  clean  and  nearly  free 
from  oil  or  dirt. 

Another  refining  company  which  uses  a  reverberatory  furnace  is 
said  to  get  a  recovery  of  80  per  cent.  The  process  is  held  secret  and 
no  details  are  available  as  to  the  exact  method  of  melting,  the  fluxes 
used,  if  any,  or  as  to  the  quality  of  borings  on  which  an  80  per  cent 
recovery  is  made. 

BEMELXmO  DK08S. 

One  aluminum  foundry  which  used  merely  to  remelt  the  skimmings 
taken  from  the  regular  melting  pots  and  to  sell  the  dross  from  the 
remelting  at  $20  per  ton  now  washes  them  in  a  wet  tumbling  barrel, 
obtaining  a  concentrate  of  800  to  900  pounds  of  large  buttons,  plus 
the  adhering  dross,  from  a  ton  of  original  dross.  The  concentrate  is 
remelted  promptly — as  if  left  in  the  air  it  would  oxidize  and  heat — 
and  400  to  500  poimds  of  ingot,  worth  $60  to  $250,  depending  on 
the  price  of  aluminum,  is  obtained,  the  saving  being  far  greater  than 
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the  cost  of  treatment.  The  melting  is  done  in  iron  pots  and  sal 
ammoniac  is  used  as  flux.  The  average  recovery  is  only  about  60  per 
cent  of  the  actual  metal  content  of  the  concentrate. 

In  melting  down  aluminum  grindings  from  the  emery  wheels  used 
in  grinding  the  rough  castings,  a  recovery  of  about  6  per  cent  on  the 
total  weight  of  aluminum  plus  dirt  (the  dirt  forming  at  least  half  the 
weight)  was  obtained  by  this  firm,  using  ZnClj  as  flux.  The  grindings 
as  they  come  from  the  wheels  ordinarily  sell  for  one-half  to  1  cent  per 
pound. 

This  firm  made  a  few  experiments  on  melting  borings  by  heating 
an  iron  pot  very  hot,  putting  ZnClj  in  the  bottom  and  immediately 
charging  all  the  borings  the  pot  would  hold,  then  heating  very  rapidly, 
the  idea  being  to  melt  rapidly  and  to  stir  the  whole  mass  by  the 
rising  vapor  from  the  ZnCl,.  Definite  figures  on  this  method  are  not 
available,  but  it  is  stated  not  to  have  been  very  satisfactory. 

MBLTZNG  WITH  SALT  AND  FLUOBSPAB  IN  CBHOIBLR  COKB 

FX7BNACE. 

At  another  large  refining  plant  the  borings  are  passed  through  a 
magnetic  separator  and  then  over  an  incUned,  vibrating,  fine-meshed 
Newago  screen,  the  screen  being  continually  struck  by  a  set  of 
automatically  operated  small  hammers  to  keep  the  openings  from 
clogging,  lie  borings  are  purchased  by  weight  after  as  much  as 
possible  of  the  iron  and  dirt  is  thus  removed.  This  firm  has  also 
experimented  with  various  jigs,  shakers,  and  other  mechanical 
devices  for  separating  brass  borings  from  the  aluminum  borings  in 
the  dry  way  by  means  of  the  difference  in  specific  gravities,  and  with 
hquation  devices  for  removing  pieces  of  babbitt  and  white  metal, 
apparently  without  very  satisfactory  results. 

Passing  the  chips  over  a  cloth  through  which  air  is  blown  from 
below,  in  order  to  blow  out  the  fine  dirt,  has  also  been  tried  by  this 
firm,  but  is  apparently  not  so  satisfactory  as  the  screen. 

The  borings  are  intimately  mixed  with  quite  large  proportions, 
apparently  between  15  and  30  per  cent,  of  a  flux  consisting  of  common 
salt  with  a  small  percentage,  probably  about  15  per  cent,  of  fluorspar. 
The  mixture  of  borings  and  flux  is  charged  into  crucibles  of  about  No. 
120  size  and  heated  in  coke  fires.  More  mixture  is  added  as  soon  as 
the  first  charge  can  be  packed  down  to  make  room  for  it,  until  the 
crucible  is  full.  Little  stirring,  aside  from  this  packing,  is  done  till 
the  end  of  the  heat.  The  temperature  is  raised  till  the  flux  is  fluid 
enough  for  the  metal  globules  to  separate  from  it  well,  when  the 
melt  is  stirred  to  promote  coalescence  of  the  globules,  skimmed,  and 
poured.  The  flux  and  dross  skimmed  off  are  allowed  to  cool,  crushed, 
leached  with  water,  and  any  metaUic  buttons  are  recovered  by  various 
means  of  mechanical  concentration.  The  chemist  of  this  firm  states 
that  he  considers  the  problem  of  melting  borings  as  strictly  analagous 
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to  weldingy  for  which  a  flux  that  will  actually  dissolve  aluminum 
oxide  and  dirt,  such  as  the  fluxes  made  up  of  alkali  chlorides  and 
fluorides,  are  essential.  He  chose  a  salt  and  fluorspar  flux  for  commer- 
cial use  because  of  its  cheapness.  On  perfectly  clean  borings,  of  good 
size,  recoveries  of  95  to  98  per  cent  are  reported  by  this  method,  but 
it  is  stated  that  with  very  oily  and  dirty  borings,  where  a  good  deal 
of  fine  dirt,  such  as  floor  sweepings,  foundry  sand,  or  road  dust,  the 
latter  sometimes  intentionally  added  by  unscrupulous  junk  dealers^ 
adheres  to  the  borings,  the  recovery  falls  to  65  per  cent. 

This  firm  occasionally  uses  the  same  flux,  but  melts  in  a  rever- 
beratory  furnace  heated  very  hot  before  being  charged,  as  much  of  the 
metal  as  possible  being  melted  by  the  heat  stored  in  the  walls,  but 
ordinarily  prefers  the  crucible  method,  although  the  recovery  of  metal 
from  the  reverberatory  process  is  said  to  be  almost  if  not  quite  as  good 
as  from  crucibles. 

EXPEEIMENTS  IN  MELTING  ALUMINUM  CHIPS. 
GENEBAL  METHOD  OF  MAKING  TESTS. 

In  order  to  compare  various  methods  of  melting  on  the  same  lot 
of  chips,  two  barrels  of  *'No.  12  "  (92  per  cent  Al,  8  per  cent  Cu)  chips 
were  obtained.  These  chips  were  from  the  milling  machines  and 
drills  of  a  large  automobile  manufacturing  company,  and  were  thought 
by  the  firm  supplying  them  to  be  of  such  quality  that  on  commercial 
melting  in  iron  pots,  by  the  puddling  method,  the  recovery  would  be 
about  50  to  65  per  c^it,  as  that  was  the  recovery  usually  obtained 
by  a  refining  company  using  that  method,  on  the  r^ular  run  of  bor* 
ings  from  this  automobile  firm. 

The  tests  were  necessarily  on  a  small  scale,  a  charge  of  1  to  2  kilo-* 
grams  being  used,  in  a  small  crucible  heated  in  a  gas-fired  furnace. 

The  metal  was  poured  into  small  ingot,  the  relative  weight  of 
which  to  the  original  weight  of  borings  is  recorded  as  the  '' primary '^ 
yield  in  the  tables  of  results.  The  dross,  when  possible,  was  skimmed 
into  water,  but  if  the  nature  of  the  flux  made  this  procedure  danger- 
ous, the  dross  was  allowed  to  cool,  was  crushed,  and  washed  in  water. 
The  wet  dross,  with  the  admixed  buttons  of  metal,  was  washed  in  a 
stream  of  water  on  a  20-mesh  riddle.  The  buttons,  if  large  and  clean, 
were  weighed  without  remelting;  if  small  and  with  adhering  dross, 
they  were  remelted  with  the  same  flux  and  in  the  same  manner  as  the 
original  melt.  The  large,  clean  buttons,  or  the  ingot  recovered  from 
the  smaller  buttons,  form  the  "secondary''  yield.  The  sum  of  the 
primary  and  secondary  yields  is  the  total  yield  on  the  basis  of  original 
weight,  that  is,  on  the  weight  of  borings  plus  oil  and  dirt.  The  total 
yield  on  the  basis  of  metal  content  is  obtained  by  dividing  the  total 
yield  on  the  basis  of  original  weight  by  the  metal  content  of  the  dirty 
borings. 
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KIND  OF   CHIPS   USED. 

The  chips  in  barrel  A  contained  about  3  per  cent  of  oil  and  over 
7  per  cent  of  very  fine  dirt.  After  the  oil  had  been  extracted  with 
gasoline  the  material  was  screened;  72  per  cent  remained  on  a 
20-mesh  screen,  18  per  cent  was  between  20  and  80  mesh,  and  7  per 
cent  passed  the  80-mesh  screen.  Microscopic  examination  of  the 
material  passing  the  80-mesh  screen  showed  only  traces  of  aluminum, 
the  vast  bulk  of  it  being  merely  dirt,  mainly  siliceous,  and  appeared 
to  be  sweepings  from  a  cement  floor.  Sticks,  paper,  peach  pits,  oily 
waste,  chewing  tobacco,  and  apple  cores  were  present  in  both  barrels. 
All  of  the  dirt  could  not  be  sifted  out,  even  after  the  oil  had  been 
extracted  with  gasoline.  The  metal  content  of  barrel  A  was  some- 
thing less  than  90  per  cent,  but  90  per  cent  is  taken  in  calculating  the 
total  yield  on  the  metallic  basis.  On  material  from  which  the  oil 
had  not  been  extracted,  so  that  the  fine  borings  stuck  to  the  larger  ones, 
sieve  tests  of  borings  from  barrel  A  gave  the  following  results: 

Over  20  mesh,  80  per  cent,  which*  equals  76—  per  cent  of  metal 
plus  4  +  per  cent  of  oil  and  dirt;  passing  20  mesh,  20  per  cent,  which 
equab  14  —  per  cent  of  metal  plus  6  +  per  cent  of  oil  and  dirt,  figured  on 
weight  of  original  material,  or  the  oily  borings  over  20  mesh  contained 
about  95  per  cent  of  metal,  whereas  those  passing  the  20-mesh  screen 
contained  about  70  per  cent  of  metal. 

When  borings  from  lot  A  from  which  the  oil  had  not  been  extracted 
were  sized  on  14  and  40-mesh  riddles  the  results  were:  54  per  cent  over 
14  mesh,  42  per  cent  between  14  and  40  mesh,  4  per  cent  under 
40  mesh. 

The  chips  in  barrel  B  contained  about  2  per  cent  oil,  and  on  chips 
from  which  the  oil  had  not  been  extracted  a  sieve  test  showed  the 
following  results:  57.5  per  cent  over  14  mesh,  30.3  per  cent  between 
14  and  40  mesh,  12.2  per  cent  under  40  mesh. 

The  material  imder  40  mesh  was  practically  all  dirt,  only  traces  of 
metallic  aluminum  being  foimd  in  it.  As  about  5  per  cent  of  oil  and 
dirt  could  be  separated  from  the  material  over  40  mesh  in  size,  by 
extraction  with  gasoline  and  sifting  on  an  80-mesh  sieve,  the  total 
nonmetal  content  was  about  17  per  cent.  The  metal  content  of 
barrel  B,  for  purposes  of  computation,  is  taken  as  85  per  cent.  The 
contents  of  both  barrels  had  been  passed  through  a  magnetic  sep- 
arator, but  the  removal  of  iron  was  far  from  complete. 

CONTROL   OF  TEMPEBATURE. 

Control  of  the  temperature  was  attempted,  an  iron-constantin 
thermocouple  of  the  rod  and  tube  type  being  used,  but  the  tempera- 
tures were  foimd  to  vary  throughout  the  charge.  The  upper  part 
of  the  charge  would  become  much  hotter  than  the  lower  part  when 
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any  oxidation  was  taking  place  in  the  layer  of  dross  and  globules  of 
metal  overlying  the  coalesced  mass  of  metal,  as  when  the  furnace 
cover  was  removed  just  before  taking  out  the  crucible  and  pouring. 
With  fluxes  that  prevented  any  visible  oxidation,  the  temperature 
at  the  bottom  of  the  mdt  was  often  higher  than  that  of  the  flux  on 
top,  because  of  the  poor  heat  conduction  in  a  heavy  layer  of  molten 
flux.  In  the  results  of  experiments  where  volatile  fluxes  were  used 
the  temperatures  given  are  those  of  the  upper  part  of  the  pool  of 
coalesced  metal,  taken  just  below  the  overlying  layer  of  dross,  at  the 
time  the  crucible  was  taken  from  the  furnace;  when  other  fluxes  were 
used  the  temperatures  given  are  those  of  the  layer  of  flux. 

HELTING  WITH  VOLATrLE  FLUXES. 

The  results  of  a  series  of  experiments  in  which  aluminiun  borings 
were  melted  with  various  volatile  fluxes  were  as  follows: 

ResiUts  of  melting  borings  with  volatile  fluxe$, 
NO  FLUX  USED. 


Chips 

from 

barrel— 

Observ- 
er. 

Wei^t 

ofchJjps 

used. 

Flux 
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percent- 
age of 
weight 
of  chips. 

Approxi- 
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final 

temper- 
ature. 

Yield  of  metal.a 

Bun  No. 

based  on 

weight 

of  chips. 

Total 

based  on 

weight 

of  chips. 

Total 

yield,  on 

basis  of 

metal 
content 
of  chips. 

1 

A 

G 

KUogram. 
2 

910 

PtreetU. 
41 

49 

Percent. 
54.5 

3. 
3. 
4. 
5. 
6. 
7. 


Average. 
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NH«C1  FLUX  USED. 


A 

A 
A 
A 
A 
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G 
G 
G 
G 
G 
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2 
2 
2 
1 
1 
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2 
2 
5 
2 
10 
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800 
725 
800 
850 
850 


62.6 

45 

69 

54 

61 

46 


?0 

00.5 

65.5 

60.5 

64.5 

40.5 


62.5 


»77 

67 

72.5 

67 

72 
ft56 


69.6 


ANHYDROUS  ZnCIi  FLUX  USED. 

8 

A 
A 
A 

O 
G 
J 

2 
2 
1 

2 
2 
3 

875 
760 
800 

61 
46 
15.5 

66.5 
62 

48.5 

»74 

69 

ft54 

9 

10 

Average 

69 

66 

ANHYDROUS  AIClj  FLUX  USED. 


G 


850 


53.5 


65 


72 


•  The  vields  are  figured  only  to  the  nearest  one-half  per  cent. 

k  The  borings  were  not  of  uniform  size  in  different  parts  of  the  barrel,  and  were  difficult  to  ™t«-  thor- 
oughly. Runs  2  and  8  were  companion  runs  on  a  part  that  consisted  nu»tly  of  borings  larger  than  the 
average,  and  runs  7  and  10  were  companion  runs  on  some  borings  smaller  than  the  average.  The  runs 
were  not  made  in  the  order  given  in  the  table. 
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In  all  of  these  runs  borings  were  packed  tightly  into  the  previously 
hot  crucible,  poked  down  as  fast  as  possible,  and  more  borings  added 
with  frequent  poking  and  stirring  till  the  whole  charge  was  in.  The 
charge  was  then  stirred  from  time  to  time  until  the  end  of  the  melt, 
when  the  caked  dross  that  had  collected  on  the  sides  and  bottom  of 
the  crucible  below  the  siurface  of  the  pool  of  metal  was  scraped  up, 
the  fluxes  were  stirred  vigorously  into  the  dross,  the  crucible  taken 
from  the  furnace,  the  dross  skinmied  into  water,  and  the  metal 
poured.  If  the  prices  of  the  three  volatile  fluxes  used  be  taken  into 
consideration  there  is  not  much  choice  among  them  on  the  basis  of 
these  results.  On  a  larger  scale,  the  zinc  chloride  would  probably 
be  preferable,  as  it  does  not  decompose  at  so  low  a  temperature  as  the 
other  fluxes,  and  hence  can  be  stirred  into  a  large  mass  of  dross  with- 
out much  of  it  volatilizing  before  it  can  be  stirred  in. 

MELTING  IN  ATMOSPHEBB   OF  CHLORINE-CONTAINING  GASES. 

As  the  eflfect  of  NH^Cl,  ZnCl,,  and  Aid,  might  be  due  to  the  chlorine 
given  off  in  their  decomposition,  melting  chips  in  an  atmosphere  of 
chlorine  or  of  dry  hydrochloric  acid  gas  was  tried.  The  results  were 
as  follows: 

BenUU  o/melHng  in  preaenee  o/efdorine  and  hydrocfUoric  add  gam. 

Run         Run 
No.  12.       No.  13. 

Barrel  from  which  chips  were  taken A  A 

Observer G  G 

Weight  of  chips  used,  kilograms 2  2 

Gaaused 01,  Ha 

Approximate  final  temperature,  **€ 810  826 

Yield  of  metal: 

Primary  yield,  percentage  of  weight  of  chips 41  32. 6 

Total  yield,  percentage  of  weight  of  chips 56  56 

Total  yield,  percentage  of  metal  content  of  charge. . .  62  62 

In  run  12,  CS,  gas  from  a  cylinder  was  run  into  the  top  of  the 
crucible,  which  was  open,  and  the  charge  was  poked  and  stirred  as 
m  runs  1  to  11.  In  run  13,  dry  HCl  gas  was  led  in  through  a  hole 
in  the  crucible  cover  and  the  crucible  was  opened  only  to  poke  the 
charge  down  and  add  more  borings.  Some  Aid,  was  formed  in  this 
run. 

MELTIKO   WriH  CONTDOJOUS  PUDDLING. 

After  it  was  found,  late  in  the  investigation,  what  great  stress  the 
the  refining  company  that  used  the  iron-pot  method  with  continu- 
ous stirring  or  puddling  laid  on  keeping  the  temperature  down  and 
on  the  necessity  of  continuous  stirring,  that  method  i(ras  tried  on 
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chips  from  barrel  B,  as  the  contents  of  barrel  A  had  been  used  up. 
The  results  were  as  follows: 

Rendu  of  melting  with  oontinuout  puddling. 

Ran  No.   Run  No. 
14.  16. 

Barrel  from  which  chipe  were  taken B.  B. 

Observer G.,  J.  J. 

Weight  of  chips  used,  kilograms L5  L5 

Flux  used ZnCl,.  ZnCl,. 

Quantity  of  flux  used,  percentage  of  weight  of  chips. . .  2  2 

Approximate  final  temperature,  **G 800  800 

Yield  of  metal: 

*   Primary  yield,  percentage  of  weight  of  chip0 63. 5  64 

Total  yield ,  percentage  of  weight  of  chips 66  60 

Total  yield,  percentage  of  metal  content  of  charge.  78  71 

The  temperature  was  not  allowed  to  rise  above  700®  C.  during  the 
addition  of  borings.  As  the  furnace  was  not  of  the  iron-pot  type, 
but  a  crucible  was  used  setting  loosely  in  the  furnace,  it  was  difficult 
for  one  observer  to  stir  the  pasty  mass  properly  and  at  the  same 
time  hold  the  crucible  in  place.  The  gases  of  combustion  also 
passed  over  the  cruciblci  which  is  not  the  case  in  the  iron-pot  furnace, 
and  hence,  as  the  furnace  cover  had  to  be  left  off  to  permit  stirring 
and  holding  the  crucible,  it  was  more  difficult  to  prevent  oxidation 
than  in  the  regular  iron  pot.  Bun  14  was  more  thoroughly  stirred 
than  run  15. 

BETOBTINO. 

In  one  run  the  conditions  of  retorting  were  approximated  by 
packing  1  kilogram  of  borings  into  a  hot  crucible  large  enough  to 
contain  all  the  borings  at  the  start.  The  crucible  was  then  tightly 
covered  and  heated  without  any  stirring  or  poking  till  the  end  of 
the  melt,  when  sal  ammoniac  was  added  and  the  mass  stirred  and 
skimmed.     The  results  were  as  follows: 

Remits  of  retorting  aluminum  Mpe  (run  No,  16), 

Sample  used,  chips  from  barrel  B. 

Observer,  G. 

Weight  of  chips  used,  1  kilogram. 

Flux  used,  ZnCl,. 

Quantity  of  flux  used,  on  basis  of  weight  of  chips,  2  per  cent. 

Approximate  final  temperature,  900^  C. 

Yield  of  metal: 

Primary  yield,  on  basis  of  weight  of  chips,  68  per  cent. 

Total  yield,  on  basis  of  weight  of  chips,  64  per  cent. 

Total  yield,  on  basis  of  metal  content  of  charge,  71.5  per  cent. 

MELTINO   IN  A   BEDUOINO  ATMOSPHERE. 

In  order  to  try  the  effect  of  melting  aluminum  scrap  in  a  strongly 
reducing  atmosphere  some  tests  (Nos.  17  to  21)  were  made  in  an 
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electric  crucible  lift-out  furnace  of  the  Hoskins  type  and  some  (Nos. 
22  and  23)  in  one  of  the  indirect-arc  type,  in  both  of  which  furnaces 
gas  analyses  showed  the  atmosphere  to  be  strongly  reducing  when 
the  furnace  was  closed.  These  tests  were  made  before  the  others 
herein  recorded,  on  a  sample  of  borings  (sample  C)  that  were  not  so 
dirty  as  those  from  barrels  A  and  B.  Sample  C  contained  more  oil 
than  samples  A  and  B,  however.  It  was  estimated  that  sample  C 
contained  about  5  per  cent  oil  and  not  over  5  per  cent  dirt.  The 
dross  in  runs  17  to  23  was  not  skimmed  into  water,  and  the  buttons 
held  in  it  were  oxidized  completely,  so  that  the  results  of  the  tests, 
which  give  only  the  primary  yield,  woxdd  have  been  increased  some- 
what by  the  secondary  yield  had  the  buttons  in  the  dross  been 
recovered.    The  results  follow: 

m 

Results  of  melting  borings  in  a  reducing  atmosphere. 


RunNa 

8am- 
ple- 

Obserrer. 

Weight 

ofchipe 

uaed. 

Flax 
uaed. 

Amount 

of  flux 

used, 

percent- 
age of 
weight 

of  chips. 

Approxi- 
mate 
final 

tempera- 
ture. 

Furnace 
used. 

Primary 
yield. 

percent- 
age of 

weight 

of  chips. 

17 

C. 
C. 
C. 
C. 
C. 
C. 
C. 

0.  and  L.. 

...do 

...do 

...do 

...do 

...do 

...do...... 

Pounds. 
12.6 
14 
29 

24.5 
28 
40 
30 

NH^l.. 
...do.... 
. . .do .... 

...do 

. . .do .... 

...do 

...do.... 

2 
2 
2 
2 
2 
2 
2 

•a 

800 
760 

too' 

Crucible... 

...do 

...do 

...do 

...do 

...do 

40 

18 

65 

19 

06.6 

20 

63 

21 

62 

22 

30 

23 

60 

The  melts  in  the  crucible  furnace  were  poked  and  stirred  quite  a 
good  deal  while  the  oil  contained  in  the  borings  was  smoking  off,  as 
the  furnace  cover  could  be  opened  without  danger  of  getting  an 
oxidizing  atmosphere,  but  thereafter  no  stirring  was  done  till  the 
final  addition  of  NH4CI  just  before  taking  out  the  crucible.  In  the 
runs  in  the  arc  furnace  no  stirring  was  done,  and  the  furnace  door 
was  opened  as  Uttle  as  possible  in  charging.  In  the  arc  furnace  the 
local  overheating  of  the  borings  as  soon  as  charged  seemed  to  cause 
enough  oxidation,  through  the  air  held  by  the  borings,  to  prevent 
coalescence,  so  that  a  laj^e  proportion  of  dross  was  formed,  which 
entangled  much  metal. 

HEATIKO  IN  ABSENCE  OF  AIB. 

In  melting  borings  from  sample  A  in  the  gas  furnace  1  kilogram  of 
borings  was  rammed  down  into  the  bottom  of  a  hot  crucible,  and 
1  kilogram  of  molten  metal  at  800°  C,  from  another  crucible,  was 
poured  on  top  of  them  so  as  to  cover  them  completely  and  the^  the 
whole  was  heated.  The  vapor  from  the  oil  in  the  borings  bubbled 
up  through  the  molten  metal  that  remained  on  top.    No  stirring  was 
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done  tiU  a  thermocouple  plunged  to  the  bottom  of  the  crucible 
showed  a  temperature  of  800^  C,  when  the  whole  was  stirred  and 
much  dross  that  had  collected  on  the  sides  and  bottom  of  the  crucible 
was  brought  to  the  top.  NH4CI  was  then  stirred  in  and  the  crucible 
skimmed  into  water.    The  results  of  the  test  were  as  follows: 

RuulU  0/ melting  borings  in  absence  ojair  (jrun  No,  t4)* 

Sample  usedy  chips  from  barrel  A. 

Observer,  G. 

Weight  of  chips  used,  1  kHogram. 

Flux  used,  NH4GI. 

Quantity  of  flux  used,  2  per  cent. 

Approximate  final  temperature,  800^  0. 

Yield  of  metal: 

Primary  yield,  on  basis  of  weight  of  chips,  60  per  cent. 

Total  3deld,  on  basis  of  weight  of  chips,  61  per  cent. 

Total  yield,  on  basis  of  metal  content  of  charge,  68  per  cent. 

USING  A  HEEL  OF  MOLTEN  METAL. 

Another  run  was  started  with  a  "heel"  of  1  kilogram  of  molten 
metal  in  the  bottom  of  the  crucible.  One  kilogram  of  borings  was 
added  a  little  at  a  time,  an  attempt  being  made  to  poke  them  down 
continually  below  the  surface  of  the  fluid  metal — that  is,  to  follow 
the  usual  directions  for  using  a  heel  of  metal.  This  procedure  differs 
from  the  puddling  process  in  that  there  is  fluid  metal  in  the  bottom 
of  the  pot,  whereas  in  puddling  the  whole  mass  is  kept  pasty  during 
the  addition  of  borings. 

The  chips  floated  on  the  metal  and  obstinately  refused  to  stay 
submerged.  The  temperature  was  kept  rather  low  throughout  and 
was,  as  it  proved,  not  raised  suflSiciently  at  the  end  to  give  a  good 
separation  of  metal  from  dross.    The  results  were  as  follows: 

Results  0/ melting  chips  with  heel  0/ molten  m^tal  (run  No.  t5)m 

Sample  used,  chips  from  barrel  A. 

Observer,  6. 

Weight  of  chips  used,  1  kilogram. 

Flux  used,  NH^a. 

Quantity  of  flux  used,  on  basis  of  weight  of  chips,  2  per  cent. 

Approximate  final  temperature,  700^  0. 

Yield  of  metal: 

Primary  yield,  on  basis  of  weight  of  chips,  39  per  cent. 

Total  3rield,  on  basis  of  weight  of  chips,  59.5  per  cent. 

Total  yield,  on  basis  of  metal  content  of  charge,  66  per  cent. 

Other  tests  on  this  method  and  some  of  the  other  methods 
described  will  be  given  under  the  results  of  sizing  and  briquetting 
the  chips. 
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CONCLUSIONS  AS  TO  RESULTS   OF  TESTS. 

In  all  of  the  tests  described  in  the  preceding  pages  the  fluxes  used 
were  volatile  and  did  not  form  any  slag  that  would  tend  to  protect 
the  metal  from  oxidation;  the  dross  skimmed  off  was  voluminous, 
loose,  and  contained  many  tiny  metallic  globules.  If  any  considerable 
mass  of  this  dross  is  left  in  the  air  it  becomes  white  hot,  and  then 
cakes,  the  loose  particles  of  dirt  and  oxide  being  compactly  cemented 
together  by  oxide  formed  from  the  oxidation  of  the  metal  in  the 
buttons.  No  metallic  buttons  will  be  found  in  the  mass  after  cooling 
in  air  unless  the  globule  was  originally  at  least  the  size  of  a  marble 
and  the  coating  of  oxide  about  it  happens  to  have  been  so  impervious 
to  air  that  the  inside  of  the  globule  is  protected.  Each  tiny  glob- 
ule becomes  oxidized  throughout.  The  cooled  dross  is  gray  in  the 
mass  from  the  presence  of  dirt,  but  many  tiny  globular  white  specks 
of  aluminum  oxide,  pseudomorphic  after  the  metal,  show  where 
tiny  globiiles  of  molten  metal  were  contained  in  the  dross  when 
skimmed  off. 

By  showering  the  hot  dross  with  its  entangled  globules  of  metal 
through  the  air  slowly  one  can  produce  an  almost  continuous  sheet  of 
flame.  It  is  impossible  to  skim  the  dross  into  water  quickly  enough 
to  prevent  the  burning  up  of  the  smallest  globules,  as  exposure  for  a 
fraction  of  a  second  to  the  air  is  sufficient  for  their  oxidation  and 
mtridation.  When  any  considerable  amoimt  of  dross  is  skimmed 
into  water  there  is  a  very  strong  odor  of  ammonia  mixed  with  hydro- 
carbons. The  gas  bubbles  that  arise  from  the  hot  dross  as  it  touches 
the  water  take  fire  spontaneously.  It  appears  that  there  is  a  good 
deal  of  nitrogen  and  a  Uttle  carbon  chemically  combined  with  the 
dross. 

Although  in  the  last  analysis  the  loss  of  metal  in  these  methods  of 
melting  borings- is  due  to  oxidation  and  mtridation,  yet  very  Uttle 
of  this  loss  takes  place  within  the  furnace  in  commercial  practice  in 
melting  in  a  pit  furnace  or  in  an  iron-pot  furnace,  if  the  pot  is  covered 
at  the  end,  or  in  the  gas  furnace  used- in  the  tests.  The  dross  does 
not  begin  to  show  the  thermit-hke  glowing  until  it  comes  in  contact 
with  the  air.  If  each  and  every  one  of  the  tiny  globules  could  be 
made  to  coalesce  in  the  crucible  and  to  free  itself  entirely 
irom  the  dirt  and  from  the  small  quantity  of  oxide  that  actually 
forms  in  the  furnace,  the  loss  would  be  very  small.  The  root  of  the 
trouble  Ues  in  the  failure  of  the  tiny,  Ught  globules  to  coalesce. 

With  this  premise  it  becomes  plain  why  the  presence  of  fine  dirt 
makes  the  recoveries  low,  and  why,  with  a  given  amount  of  dirt, 
the  smaller  the  chips  are  the  lower  is  the  recovery.  The  greater 
the  amount  of  dirt  and  the  more  finely  divided  the  dirt  is,  the  greater 
is  its  power  to  form  the  honeycombhke  coating  which  envelops  the 
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globules  and  prevents  their  uniting.  The  tinier  the  chip  the  greater 
is  the  surface  of  the  globule  in  respect  to  its  weight.  The  less  the 
weight  of  the  globule  the  less  is  the  force  tending  to  tear  through  the 
enveloping  film. 

When  the  borings  are  even  slightly  oily,  any  dust  in  the  borings 
sticks  tightly  to  them  and  a  surface  film  of  dust  tends  to  be  formed 
before  the  chip  is  melted  that  under  the  effect  of  surface  tension 
readily  forms  a  bag  about  the  tiny  drop  into  which  the  chip  changes 
on  fusion. 

The  small  size  of  some  of  the  chips  can  hardly  be  prevented,  as 
they  come  from  the  light  finishing  cut,  but  the  content  of  dirt  can  be 
greatly  reduced  if  care  is  taken  in  the  collection  of  the  chips. 

The  tendency  toward  oxidation  of  fine  chips  can  be  more  easily 
and  more  readily  checked  in  melting  than  their  reluctance  to  coalesce 
can  be  overcome.  It  does  not  seem  that,  without  the  use  of  some 
slaghke  flux  to  act  as  a  collector  of  the  tiny  buttons,  such  methods 
as  retorting,  vacuum-furnace  melting,  etc.,  which  aim  at  preventing 
oxidation,  but  do  not  provide  for  stirring,  or  other  means  of  pro- 
moting coalescence,  are  likely  to  offer  any  advantage  in  the  melting 
of  dirty  chips,  at  least,  commensurate  with  their  cost  and  the  diffi- 
culties of  their  operation. 

It  would  therefore  appear  that  if  some  menstruum  or  slag  were 
present  through  which  the  globules  would  drop,  they  might  coalesce 
better,  as  the  dirt  would  tend  to  be  soaked  up  by  the  slag.  There 
would  no  longer  be  a  honeycombUke  coating  of  solid  dirt  enveloping 
the  globules,  but  the  globules  and  the  dirt  would  both  be  dispersed 
in  a  liquid  slag.  The  slag,  if  Ughter  than  the  metal,  would  also 
prevent  access  of  air.  Hence  it  seems  possible  that  a  molten  cover, 
not  necessarily  acting  as  a  solvent  of  dirt  and  oxide,  but  merely 
soaking  them  up  and  taking  them  away  from  the  globules  might 
both  promote  coalescence  and  prevent  oxidation.  It  is  plain  that 
the  most  efficient  menstruum  will  be  one  which  is  fluid  below  the 
melting  point  of  the  metal,  and  which  has  not  only  a  lower  specific 
gravity  than  the  metal,  but  also  has  a  low  viscosity,  so  as  to  allow 
the  globules  to  sink  readily  through  it. 

MELXma  WITH  MOLTEN  COVEB. 

Suitable  molten  covers  combining  these  properties  with  cheapness 
and  with  chemical  inertness  to  the  metal  are,  however,  not  easy  to 
find.  Alkali  and  alkaline-earth  chlorides,  or  mixtures  thereof,  form 
the  basis  of  most  of  the  molten  covers  suggested. 


EXPERIMENTS  IN  MELTTNQ  ALUMINUM  CHIPS. 


41 


TESTS   WITH  A  COMMEBCIAL  FLUX. 

One  such  flux  is  on  the  market;  it  has  been  mentioned,  with  the 
makers'  directions  for  using  it  in  melting  ingot,  on  page  17.  Although 
some  aluminum  foimders  who  have  tried  this  flux  reported  unfavor- 
ably on  its  use  for  melting  ingot,  one  even  denouncing  it  as  a  fraud, 
some  of  it  was  obtained  and  tried  on  borings.  The  flux  is  a  lavender- 
colored  granular  material,  is  soluble  in  water,  tastes  like  potassium 
chloride,  and  melts  at  about  620^  C.  The  lavender  color  is  due 
to  some  oiganic  dye,  as  it  may  be  extracted  by  absolute  alcohol,  in 
which  the  material  itself  is  not  soluble.  The  color  bums  off  on 
ignition,  before  the  melting  point  is  reached.  It  is  perhaps  added 
for  psychological  effect  on  the  purchaser.  QuaUtative  analysis 
shows  the  presence  of  K,  Na,  CI,  SO4,  and  a  trace  of  Mg.  Quantitative 
analysis  was  not  made,  but  it  appears  that  a  molecular  mixture  of 
Kd  and  NaCl,  plus  a  little  E^SOa  would  give  a  mixture  of  about  the 
same  melting  point  and  properties. 

In  all  the  following  tests  on  molten  covers  and  other  flu::es,  the 
powdered  flux  was  mixed  with  the  borings  before  charging,  and  thci 
dross  or  slag,  except  where  so  stated  in  the  tables,  was  not  skimmed 
directly  into  water,  on  account  of  the  explosions  that  occur  in  such 
a  case.  The  dross  or  slag  mixed  with  dross  was  skimmed  off,  allowed 
to  cool  somewhat,  and  thrown  into  water  while  still  hot  in  order  to 
disintegrate  it.  It  was  then  crushed,  washed  on  a  20-mesh  sieve, 
and  hand  picked.  If  only  a  few  large  clean  buttons  were  obtained, 
their  weight  was  added  to  the  weight  of  ingot  to  give  the  total  yield. 
If  the  buttons  were  small  and  adhered  to  particles  of  slag  or  dross, 
they  were  remelted  with  the  same  proportion  of  the  same  kind  of 
flux  as  was  used  in  the  original  melt  and  the  weight  of  secondary 
ingot  thus  obtained  was  added  to  that  of  the  original  ingot  to  give 
the  total  yield. 

The  results  of  the  test  with  the  commercial  flux  mentioned  were 
as  follows: 

Remlti  oJtesU  with  commercial  flux. 


Chlpe 

from 

bsrral— 

Observer. 

Charge 
used. 

Flax 
need, 
percent- 
age of 
weleht 
of  chips. 

Approx- 
imate 
final 

temper- 
ature. 

Yield  of  metal. 

Eon  No. 

Primary 
yield,  on 

basis  of 
weight  of 

chips. 

Total 
yield,  on 

basis  of 
weight  of 

chips. 

Total 

yield,  on 

basis  of 

metal 

content 

of  charge. 

36 

A 
A 
B 

G 
0 

J 

^•2 

2 

1 

6 
25 
25 

•c. 

850 
760 
000 

Percent. 
45.0 
48.5 
55.0 

Percent. 
58.0 
62.0 
62.5 

Percent. 
64  0 

27 

69  0 

28 

73.5 
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TESTS   WITH  DEHYDRATED  CABNALLFTB. 

Dehydrated  camallite,  or  a  mixture  in  molecidar  proportions  of 
ECl  and  MgCl,  has  a  low  melting  point  and  has  been  suggested  as 
a  flux.    Tests  with  this  flux  gave  the  following  results: 

RenUtt  of  melting  horingt  withftux  of  dehydrated  camallite. 

Ron  Run 

No.  29.         Na30. 

Barrel  from  which  chips  were  taken A  A 

Observer Q  G 

Weight  of  chips  used,  kilograms 2  2 

Percentage  of  flux  used,  on  basis  of  weight  of  chips ....      5  25 

Approximate  final  temperature,  °G 725  800 

Yield  of  metal: 

Primary  yield,  percentage  of  weight  of  chips 47  4S 

Total  yield,  percentage  of  weight  of  chips 60. 5  59 

Total  yield,  percentage  of  metal  content  of  chazge . .    67  65. 5 

DISCUSSION   OF  RESULTS   WITH  THE  TWO  FLUXES. 

Neither  flux,  even  when  25  per  cent  was  used,  was  in  sufficient 
quantity  to  soak  up  all  the  dirt  and  dross  and  still  become  truly 
fluid.  Neither  flux  rose  entirely  to  the  top,  but  much  stuck  to  the 
sides  and  bottom  of  the  crucible. 

SPRINKLING   WITH   ZINC-CHLORIDE   SOLUTION   AND  DRY   SALT. 

As  the  use  of  2  per  cent  of  a  strong  solution  of  ZnCl,  and  2  per 
cent  dry  NaCl  sprinkled  over  the  borings  had  been  suggested  (see 
p.  30),  this  was  tried.    The  results  of  the  test  were  as  follows: 

Reeulte  of  melting  boringe  sprinkled  with  ZnCl^  eolution  and  dry  NaCl  (run  No,  32). 

Barrel  from  which  chips  were  taken,  A. 

Observer,  J. 

Weight  of  chips  used,  1.5  kilograms. 

Quantity  of  flux  used,  2  per  cent  of  ZnClj  solution,  2  per  cent  of  dry  NaOl. 

Approximate  final  temperature,  1000^  G. 

Yield  of  metal: 

Primary  yield,  on  basis  of  weight  of  chips,  45  per  cent. 

Total  yield,  on  basis  of  weight  of  chips,  58  per  cent. 

Total  yield,  on  basis  of  metal  content  of  chips,  64  per  cent. 

The  slag  was  very  sticky,  almost  solid  with  the  dross  and  dirt 
soaked  up  by  it,  so  that  it  was  necessary  to  heat  it  very  hot  to  get 
any  separation  of  metal  from  it.  The  slag  and  dross  showed  a 
thermit-like  reaction  when  exposed  to  air. 

TESTS  WTTH  COMMON   SALT. 

As  common  salt  has  been  used  in  commercial  practice  and  is  the 
cheapest  alkaU  chloride,  a  series  of  tests  was  made  with  varying 
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proportions  of  an  ''agricultural  grade"  of  salt,  costing  $2  per  ton 
at  the  salt  works,  as  flux.  The  temperatures  given  are  the  tempera* 
tures  in  the  slag  layer  at  the  end  of  the  heat,  not  in  the  metal.  The 
results  of  the  tests  follow: 

ResuJu  of  melting  borings  wtih  common  miU. 


Chips 
fmsL 

barrel- 

Observer. 

Charge 
used. 

Fhiz 
used, 

percent- 
age of 
weight 

of  chips. 

Approx- 
imate 
final 

temper- 
ature. 

Yield  of  metal. 

Ron  No. 

Primary 
yield,  on 

basis  of 
weight  of 

chips. 

Total 
yield,  on 

basis  of 
weightof 

chips. 

Total 

yield,  on 

basis  of 

metal 
content 
of  charge. 

33 

A 
A 
A 
A 
A 
A 
A 
A 

G 

3 

1 

1.5 

1 

1 

1 

1 

15 
» 
35 
60 
60 
60 
60 
100 

•c. 

900 
900 
900 
900 
900 
900 
900 
900 

PercenL 
46.5 
M 
48.5 
M 
GO 

54.5 
69 
47 

Percent, 
63 
00.5 
61 

76.5 
71 

61.5 
65 
66 

Percent. 
69 

33 

77 

34 

68 

35 

85 

36 

79 

87 

68.5 

38 

73 

39 

73 

With  as  httle  as  15  per  cent  salt  the  dross  was  not  all  soaked  up 
and  the  mass  was  dry  in  places  and  not  wholly  pasty  and  the  thermit- 
like reaction  was  not  wholly  stopped.  The  separation  was  not  good. 
With  100  per  cent  of  flux  the  volume  of  slag  wad  too  great  to  giv^ 
good  separation;  20  to  50  per  cent  of  salt  gave  pasty  sla^  that  were 
easily  skimmed  off,  ga^e  fair  separation,  and  prevented  the  ther- 
mit-hke  reaction,  although  there  was  not  perfect  coalescence,  as 
vast  numbers  of  tiny  buttons  were  still  held  in  the  slag,  passed  the 
20-mesh  sieve,  and  were  lost. 

TESTS    BY    A    FOUNDEY    WrFH    SALT    AND    CALCIUM    CHLOBIDE    FLUX. 

Some  tests  by  a  foundry,  reported  to  the  writers,  on  NaCSl,  CaCl,, 
and  a  mixure  of  the  two,  as  flux,  are  given  below. 

8BBIB8  1,  UBi;nNO  KMEBY  0BINDIN08. 

Some  experimental  melts  were  made  in  a  small  crucible,  oil-fired  furnace;  the 
material  used  was  sawdust  from  band  saws  used  in  cutting  off  gates,  etc.,  plus  emery 
grindings  and  emery  dust  from  the  grinding  wheels.  The  probable  metallic  content 
was  between  60  and  70  per  cent,  the  rest  being  emery  dust,  floor  sweepings,  and 
paraffin  used  as  a  lubricant  in  sawing  and  grinding.  The  material  would  nearly  all 
pass  a  20-me6h  sieve.    The  results  were  as  follows: 

Charge  used. — If  Hlograms. 

Run  A, — ^No  flux  was  used.  The  total  recovery  of  metal  was  19  per  cent  on  original 
weight,  all  as  ingot,  no  metal  being  recovered  from  the  dross,  as  this  burnt  up  on 
removal. 

Run  B. — In  this  run  75  per  cent  NaCl  was  used  as  flux.  The  total  recovery  of  metal 
was  47  per  cent.  Much  of  this  metal  was  from  buttons  in  the  dross,  which  was  not  fluid , 
but  was  very  pasty,  almost  dry. 
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Run  C. — In  this  run  30  per  cent  commercial  fused  CaClj  flux  was  used.  The  flux 
melted  and  dust  was  poked  constantly  into  it.  The  recovery  was  43  per  cent  in  good 
ingot. 

Run  D. — In  this  run  75  per  cent  flux,  which  was  two-thirds  commercial  fused  CaCls, 
one-third  NaCl,  was  used.  The  total  recovery  was  38  per  cent,  mostly  in  ingot;  some 
metal  was  recovered  as  large  buttons  in  the  flux  cover. 

Run  E. — ^This  run  was  nuide  on  60  per  cent  of  old  flux,  from  run  D,  containing  a  few 
aluminimi  shots  from  that  charge  which  were  not  picked  out.  The  recovery  was  44 
per  cent,  but  most  of  the  metal  was  buttons  from  the  flux,  which  was  not  sufficiently 
fluid  09  re-using. 

SERIES  2,  UEi;iINa  DIBTT  BORINGS  WITH  SAL  AMMONIAC  AND  SODIUM  CHLORIDE  — 

CALCIUM  CHLORIDE  FLUXES. 

A  comparison  of  sal  ammoniac  and  the  NaCl— GaCl^  mixture  as  fluxes  was  made. 
Exceptionally  small,  thin,  oily,  and  dirty  borings,  of  unknown  metallic  content,  of 
very  poor  quality,  were  melted  in  100-pound  charges  in  an  oil-flred  iron  pot. 

Run  A, — ^The  borings  were  constantly  poked,  and  1  per  cent  sal  ammoniac  was 
used  at  the  end  of  the  melt     The  recovery  was  \2\  per  cent. 

Run  B.— The  borings  were  mixed  with  20  per  cent  of  the  CaCl^— NaCl  flux,  and 
were  poked  occasionally.    The  recovery  was  42  per  cent. 

SERIES  3,  TESTS  ON  CLEANER  BORINGS  WTTH  SAL  AMMONIAC  AND  SODIUM  CHLORIDE  — 

CALCIUM  CHLORIDE   FLUXES. 

A  similar  comparison  of  the  two  fluxes  was  made  on  commercial  borings,  of  much 
better  quality  than  in  series  2,  but  containing  some  oil  and  dirt.  The  borings  were 
melted  in  crucibles  in  coke  fires. 

Charges  aggregating  316  i>ounds  were  melted,  with  1  per  cent  of  sal  ammoniac  as 
flux.  The  recovery  was  144  pounds,  or  44  per  cent.  On  other  charges  aggregating  346 
pounds,  with  26  pounds  of  fused  commercial  CaCl^  and  16  pounds  NaCl,  the  recovery 
was  194  pounds,  or  56  per  cent. 

The  flux  did  not  meet  with  favor  by  those  running  the  remelting  work,  largely 
because  of  its  hygroscopic  nature  and  the  consequent  difficulty  of  avoiding  dangerous 
explosions  when  it  is  used. 

TEST  WTTH  MIXTUBE  OP  CALCIUM   CHLORIDE   AND  SODIXTM  CHLORIDE. 

Chips  from  lot  A  were  melted  with  50  per  cent  of  a  flux  consisting 
of  90  per  cent  commercial  fused  CaCla,  which  contained  quite  a  pro- 
portion of  NaCl,  and  10  per  cent  added  NaCl,  the  mixture  becoming 
fluid  at  600*^  C.     The  results  of  the  tests  were  as  follows: 

Results  of  melting  borings  with  flux  of  CaCl^  and  NaCl  (run  No*  40), 

Barrel  from  which  chips  were  taken,  A. 

Observer,  G. 

Weight  of  chips  used,  1.5  kilograms. 

Quantity  of  flux  used,  50  per  cent  (90  parts  CaCl,,  10  parts  NaCl). 

Approximate  final  temperature,  900°  C. 

Yield  of  metal: 

Primary  yield  on  basis  of  weight  of  chips,  61  per  cent 

Total  yield  on  basis  of  weight  of  chips,  72  per  cent. 

Total  yield  on  basis  of  metal  content  of  chips,  80  per  cent. 

The  flux,  though  fluid  at  600®  C,  was  only  just  thin  enough  to 
skim  off  properly  at  900®  C.  because  of  the  dirt  soaked  up  by  it. 
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FLUXES   CONTAINING   FLUORIDES. 

In  order  to  get  a  flux  that  wHl  not  only  act  as  a  molten  cover  to 
protect  the  metal  from  oxidation  and  a  collector  to  soak  up  the  dirt 
and  permit  the  globules  to  coalesce,  but  will  also  have  a  true  fluxing 
or  dissolving  action  both  on  the  dirt  and  the  aluminum  oxide,  the  use 
of  fluorides,  as  suggested  bj  Schoop,^  was  tried. 

TESTS   WITH   VABIOUS   FLUOBIDE   FLUXES. 

Various  fluoride  fluxes  were  first  used,  to  find  out  whether  better 
recoveries  were  obtainable  than  with  the  molten  covers  Flux  No. 
1  was  as  follows:  Fluorspar  (CaFj)  16  parts,  cryoUte  (AlFj-NaF)  28 
parts,  aluminum  fluoride  (AlF,)  56  parts,  this  being,  according  to 
Wright,*  the  composition  of  the  electrolyte  used  in  the  production 
of  aluminum.  The  constituents  were  fused  together,  cooled,  and  the 
mass  pulverized. 

Plato  ^  shows  that  a  mb^ture  of  about  86  parts  CaCl,  and  14  parts 
CaF,  melts  at  about  650''  C. 

Such  a  mixture  (flux  No.  2)  was  made,  fused,  and  pulverized.  It 
was  fairly  fluid  at  about  700*^  C,  and  the  CaFj  seemed  to  be  all  dis- 
solved. 

Gleason^  suggests  a  flux  of  fluorspar  and  anhydrous  boric  acid, 
in  the  proportions  of  three  parts  of  fluorspar  to  one  of  boric  acid, 
for  another  purpose,  that  of  introducing  boron  into  copper  by  treat- 
ing such  a  flux  with  aluminum  and  adding  it  to  copper.  It  was 
thought  that  this  mixture  might  give  a  fluoride  flux  for  the  purpose 
in  question,  but  it  was  not  sufficiently  fluid,  even  at  1100**  C.,  so  it 
was  not  used. 

Jones  ^  suggests  a  flux  consisting  of  equal  parts  LiCl,,  KCl,  and 
NaF,  for  use  in  welding  aluminum.  Such  a  flux  (No.  3)  was  made 
except  that  KF  was  used  instead  of  NaF,  no  NaF  being  at  hand, 
then  fused  and  pulverized.  This  flux  was  extremely  fluid  at  a  low 
red  heat. 

A  flux  consisting  of  10  parts  NajCOgj  2  parts  KjCO,,  2  parts  cryo- 
lite, and  1  part  borax  has  been  suggested/  to  be  used  in  the  pro- 
portion of  IJ  pounds  per  hundredweight  of  chips.  The  content  of 
fluorine  is  so  small  that  this  can  scarcely  be  classed  as  a  fluoride  flux. 
Such  a  flux  (No.  4)  was  made,  fused;  and  pulverized. 

Powdered  cryoKte  flux  (No.  5)  was  also  tried. 

•  Scboop,  M.  v.,  V,  8.  Patent  943.194,  Dec.  19, 1909. 

h  Wright,  J.,  Electric  ftirnaoes  and  their  industrial  applications,  1908,  pp.  186-187. 
e  Plato,  W.,  EivtaiTunga  eisdieinungon  an  anorganischen  Salzen  und  Salzgemischen:  Ztschr.  phy?. 
Ghem.  Bd.  58, 1907,  p.  363. 
4  Oleaaon,  E.  D.,  U.  8.  Patent  1,076,973. 

«  Jones,  J.  L.,  Shop  problems^ fluxbag:  Metal  Ind.,  vol.  11, 1913,  p.  528. 
/Anoo,  Melting  alominam  chips.  Castings,  vol.  38, 1910,  p.  78. 
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The  results  of  the  experiments  with  the  five  fluxes  named  follow: 

Re8ttlt8  of  melting  borings  with  fluxes  cantaining  fliujrides. 


Chlpa 

fitnn 

banal— 

Obaeryer. 

Chaise. 

Flux 
used. 

Amotmt 
of  flax, 
on  basis 
of  weight 
of  chips. 

final 
temper- 
ature. 

Yield  of  metal. 

Bun  No. 

Primary 

based  on 

weight 

of  cmpa. 

• 

Total 

yield, 

based  on 

weight 

of  chips. 

Total 

yield. 

based  on 

metal 

content 

of  chips. 

41 

A 

A 
A 
A 
A 
A 
A 

G 
O 
0 
O 
O 
J 
G 

jqr.  J 

No.l 
No.  3 
No.  8 
No.  4 
No.  4 
No.  6 
No.  6 

Percent. 
25 
26 
25 
1.6 
20 
16 
25 

•c. 

900 
900 
900 
900 
900 
900 
900 

Percent. 
71 
64 
65 
54 
50 
6&5 
70 

Percent. 
72 
71 

69.6 
65 
62 
71 
71.5 

Per  cent. 
80 

43 

79 

43 

78 

44 

72 

45 

70 

46 

79 

47 

79.5 

In  runs  Nos.  44  and  45,  with  the  soda  ash,  pearl  ash,  borax,  cryo- 
lite flux,  which  is  low  in  fluorine,  the  dross  showed  a  thermit-like 
reaction,  whereas  the  other  fluxes  gave  a*pasty  mixture  of  dross  and 
flux  which  cooled  without  such  reaction.  The  four  fluxes,  Nos.  1,  2, 
3,  and  5,  gave  consistent  results,  better  than  the  average  results  from 
any  other  of  the  fluxes  used  thus  far. 

The  foimdry  reporting  the  results  on  tests  with  molten  covers  also 
stated  that  a  small  laboratory  scale  test  in  a  crucible  in  a  gas-fired 
furnace,  in  which  nulUngs  free  from  oil  or  dirt,  being  cut  without 
lubricant  as  a  sample  for  analyses,  and  rather  larger  than  commer- 
cial borings  and  free  from  very  fine  material,  with  a  large  proportion 
of  powdered  cryohte  as  flux,  had  given  a  recovery  of  94^  i>er  cent, 
although  some  of  the  metal  was  in  the  form  of  buttons,  as  the  tem- 
perature was  not  high  enough  to  make  the  cryohte  sufficiently  fluid. 


TESTS  WITH  SALT  AND  FLUOBSPAR  FLUX. 


As  the  writers  learned  at  this  point  in  the  work  that  a  flux  of  salt 
and  fluorspar  was  being  used  commercially,  especial  attention  was 
directed  to  that  flux,  on  account  of  its  cheapness,  although  its  melting 
point  is  considerably  above  that  of  aluminum  or  its  common  allo]^. 
As  definite  information  on  the  proportions  of  the  two  ingredients 
used  was  not  available,  experiments  were  made  on  various  mixtures 
of  the  commercial  salt  and  fluorspar  that  were  on  hand.  The  freezing 
points  of  mixtures  ranging  from  90  parts  NaCl  and  10  parts  CaF, 
(about  790°  C.)  to  75  parts  NaCl  and  25  parts  CaFj  (about  800°  C.) 
were  studied.  The  mixtiue  of  85  parts  NaCl  and  15  parts  CaF„ 
which  froze  at  about  785°  C,  had  the  lowest  melting  point  and  did  not 
give  so  viscous  a  melt  as  those  higher  in  CaF„  being  quite  fluid  at 
800°  C,  was  chosen  as  the  most  suitable  composition.  One  mixture 
of  85  parts  commercial  CaCl,  (containing  NaCl)  and  15  parts  CaF, 
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froze  at  about  660^  C.  On  substituting  5  and  10  per  cent  of  Nad  for 
similar  percentages  of  CaCl,,  mixtures  freezing  at  about  675^  C.  and 
680^  C.  were  obtained,  but  all  of  the  CaCl,  mixtures  seemed  very 
VISCOUS  at  temperatures  well  above  their  fusion  points  and  they  did 
not  seem  to  be  better  fitted  for  the  purpose  than  the  salt  and  fluorspar 
mixture,  notwithstanding  their  lower  freezing  points,  and  they  had 
ihe  disadvantage  of  being  hygroscopic. 

In  these  runs  the  flux  was  intimately  mixed  with  the  chips  before 
chaining.  The  borings  were  rammed  down  as  soon  as  they  got  soft 
and  pasty  so  as  to  make  room  for  more  borings.  After  the  whole 
chaj^e  was  in,  the  crucible  was  not  disturbed  or  stirred  until  the 
temperature  of  the  flux  on  top  of  the  metal  was  900^  C,  at  which 
temperature  it  is  fluid  enough,  unless  there  is  too  much  dirt  present 
in  proportion  to  the  amount  of  flux  used,  when  higher  temperatures 
are  needed  to  make  the  mass  really  fluid.  Then  the  crucible  was 
taken  from  the  furnace,  stirred  gently — too  violent  stirring  will 
carry  globules  of  metal  up  into  the  slag  from  the  metal  below — 
skimmed,  and  poured.  The  buttons  were  recovered  from  the  slag 
as  in  the  previous  experiments. 

Rendu  ofmeUing  borings  wUhflia  eonsitting  of  85  per  cent  NaCl  and  15  per  cent  CaF^ 


Chips 
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baiTBl— 
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A 
A 
A 
A 
A 
A 
A 

A 

O 

2. 
2 

1 

1.6 

1 

1 

1.5 

PereefU. 
15 
26 
25 
25 
50 
50 
100 
20 

900 
000 

900 
900 

900 
900 
900 
900 

Per  cent. 
57.5 
6&5 
74 
60 
70 
.     63 
53 
61 

PereenL 
64 
70 
75 
72 
76 
68 
63.5 
65 

Percent. 
71 

49 

78 

50 

83.5 

ftl 

80 

83 

84.5 

13 

75.5 

M 

70.5 

tt 

72 

In  run  55  the  borings  and  flux  were  puddled,  as  in  melting  with 
ZdC^  in  the  iron-pot  method,  and  kept  pasty  by  continued  stirring 
tin  all  the  chaise  was  in,  then  at  the  end  the  temperature  was  raised. 
Apparently  nothing  is  to  be  gained  by  so  doing,  as  compared  with 
m^ely  ramming  the  borings  down  to  make  room  for  the  whole 
charge,  and  not  stirring  till  the  end. 

The  behavior  with  only  15  per  cent  flux  or  with  as  much  as  100  per 
cent  was  analagous  to  that  with  similar  amoimts  of  salt  alone. 
About  25  to  50  per  cent  of  this  flux  appears  advisable  for  borings 
carrying  the  amount  of  dirt  contained  in  the  lot  melted. 
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SXTMMABY  OF  BESULTS  WTTE  VABI0U8  METHODS  07  MBLTINa. 

A  summary  of  the  results  of  some  of  the  experimeiltal  runs  on  this 
consignment  of  dirty  chips,  by  the  chief  methods  that  have  been 
suggested,  is  shown  below: 

Results  ofmeUing  borings  by  various  methods. 


No.  of  ran. 


Flux  or  method  nsed. 


Number 

of 

teste. 


Ayerage 

total 
recoveiT, 
on  bean 
of  metal 
content 
ofdiaiige. 


llazl- 

mum. 


1 

2to   7 

StolO 

11 

14,15 

16 

96  to  30 

32  to  39 

83  to  38 

40 

41  to  47 

48  to  56 

49to53,5o 


No  flux  used 

NH4CI  flux  used 

ZnCls  flux  used 

AlCli  flux  used 

Puddling,  with  NH4CI  added  at  end  of  melt 

Retorting,  with  NH4CI  added  at  end  of  melt 

Various  molten  oovers,  other  than  NaCl  used 

KaCl  in  proportions  of  15  to  100  per  oent 

Common  salt  In  proportions  of  20  to  50  per  oent  used... 

NaCl-CaClj  flux  used 

Various  fluoride  fluxes  other  than  NaCl-CaFs  used 

NaCl-CaFs  flux  used 

NaCl-CaFs  flux  in  proporticms  of  20  to  50  per  oent  used 


1 
6 
8 
1 
2 
1 
6 
8 
6 
1 
7 
8 
5 


Percent. 
54.5 
69.5 
66 
72 
74.5 
71.6 
66 
74 
75 
80 
79.5 
75 
80 


Percent. 


77 
74 


78 


73.5 

85 

85 


80 

84.5 


The  best  results  appear  to  come  from  the  three  following  methods: 
Using  NaCl,  NaCl  plus  Cad,  in  rather  lai^e  proportion,  or  from  the 
fluoride-containing  fluxes  in  rather  large  proportion.  Of  the 
fluoride-containing  fluxes  the  cheapest,  the  Nad-CaF,  flux,  is 
apparently  as  good  as  those  more  expensive  and  seems  to  give,  on 
an  average,  sufficiently  better  results  than  Nad  without  CaF,  to 
justify  the  use  of  the  CaFj. 

In  the  type  of  furnace  used  for  the  tests,  which  was  not  properly 
adapted  to  puddling,  the  use  of  salt  and  fluorspar  without  puddling 
gave  better  results  than  puddling  and  with  much  less  labor. 

This  flux  was  then  tested  out  experimentally  under  other  condi- 
tions on  briquetted  material  in  a  small  reverberatory  furnace  and  in 
an  electric  furnace. 

BXPEBIMENTS  WITH  BBIQX7ETTED  CHIPS. 

As  is  brought  out  in  page  19,  compacting  the  borings  into  briquets 
under  heavy  pressure  has  been  suggested  on  the  theory  that  such 
briquets  could  be  more  readily  plunged  under  a  heel  of  molten  metal 
than  the  loose  borings,  and  that  the  briquetted  metal  would  act 
much  like  ingot  metal. 

However,  one  refining  plant,  melting  in  coke-fired  pit  furnaces  and 
using  sal  ammoniac  as  flux,  had  some  borings  briquetted.  The 
briquets  were  very  solid  and  compact,  and  could  be  thrown  about  with- 
out breaking.  No  quantitative  data  are  available  on  the  results 
obtained  with  them;  but  it  was  reported  that  they  disintegrated  on 
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melting,  and,  save  for  greater  ease  in  charging  and  possibly  greater 
speed  in  melting,  their  use  had  no  advantage  over  charging  loose 
borings,  as  the  loss  was  about  the  same. 

A  firm  selling  briquetting  machines  sent  the  writers  two  briquets, 
stating  that  they  were  made  from  a  class  of  shop  fines  of  No.  12 
ahuninum  containing,  unayoidably,  a  considerable  amount  of  dirt, 
and  that  ''this  class  of  briquets  refused  to  melt  without  unreasonable 
loss."  These  briquets,  which  were  approximately  disks  or  flat  cyl- 
inders 3  inches  in  diameter,  1  inch  thick  at  the  edge  and  1^  inches 
thick  at  the  center,  were  very  soUd  and  had  apparently  been  made 
under  extremely  high  pressure.  The  briquets  were  run  down  with 
results  as  follows: 

BB8X7LTS   OF  MBLTINa  BBIQUET  NO.   1. 

In  run  No.  56  a  heel  of  metal,  consisting  of  693  grams  of  clean 
No.  12  ingot,  was  melted  in  a  No.  5  crucible  in  a  gas  furnace  and 
raised  to  a  temperature  of  800^  C,  when  one  of  the  sample  briquets, 
weighing  342  grams,  was  put  in.  It  sank  in  the  molten  metal,  a 
smoky  flame,  evidently  caused  by  the  cutting  oil  used  in  machining 
th^  castings  from  which  the  chips  came,  being  given  off.  The  briquet 
was  poked  from  time  to  time  with  a  graphite  rod.  It  disintegrated 
to  some  extent  and  much  light  dross  rose  to  the  surface.  Seven 
minutes  after  charging  the  bath  was  again  at  a  temperature  of  800^ 
C,  and  7  grams  of  anhydrous  zinc  chloride  was  added  and  stirred 
into  the  dross.  The  dross  showed  a  tendency  to  glow  and  heat  up, 
similar  to  the  thermit  reaction,  indicating  that  there  were  still  very 
tiny  globules  of  metal  in  the  dross.  The  dross  was  skimmed  off  into 
water  and  the  metal  poured  into  ingot.  Although  the  metal  had 
been  well  stirred,  much  dross  stuck  to  the  bottom  and  sides  of  the 
crucible.  After  pouring  the  metal  this  dross  was  also  skimmed  into 
water.  The  dross  was  then  washed  on  a  14-mesh  sieve  and  all  but- 
tons over  14  mesh  were  collected. 

In  all,  920  grams  of  ingot  were  poured  and  7  grams  of  buttons 
were  collected.  Deducting  the  693  grams  of  heel  metal,  there  was 
recovered  from  the  original  342-gram  briquet  227  grams  of  ingot 
and  7  grams  of  buttons,  or  the  total  recovery  was  234  grams.  On 
an  assumed  basis  of  90  per  cent  metal  content  and  10  per  cent  oil 
and  dirt  in  the  briquet,  the  results  are  as  follows  : 

RituiU  o/meUmg  hriqust  «n  heel  of  molten  metal  (run  No,  S6). 

Percent. 

Tnmary  yield,  on  bads  of  weight  of  briquet 66. 5 

Secondary  yield,  on  basia  of  weight  of  briquet 2. 0 

Total  lecovery,  on  basis  of  weight  of  briquet 68. 5 

Total  recovery,  on  assumed  basis  of  90  per  cent  motal  con- 
tent   76.2 

82495''— 16 4   . 
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This  recovery  is  not  much  above  the  results  from  loose  borings  of 
apparently  the  same  quality  as  those  in  the  briquet  when  melted  by 
this  method. 

RESULTS   OF  MELTING  BRIQUET  NO.   2. 

Briquet  No.  2  was  melted  with  a  flux  consisting  of  85  per  cent  com- 
mon salt  and  15  per  cent  fluorspar.  As  the  flux  could  not  be  inti- 
mately mixed  with  the  briquet,  as  can  be  done  with  loose  borings, 
it  was  decided  to  cover  the  briquet  with  the  flux.  In  this  run  (No. 
57)  it  was  impossible  to  cover  the  briquet  in  a  crucible  with  so  little 
as  20  to  30  per  cent  of  its  weight  of  this  flux,  the  amount  required 
for  loose  borings.  Accordingly,  200  grams  of  flux  was  melted  in  a 
No.  5  crucible,  and  when  it  had  reached  a  temperature  of  800**  C. 
the  briquet,  weighing  345  grams,  was  charged.  As  the  flux  did  not 
quite  cover  the  briquet,  100  grains  more  flux  was  added  on  top.  In 
12  minutes  the  briquet  and  the  added  flux  had  melted  and  the  whole 
was  at  875®  C.  The  flux  was  then  poured  off,  the  metal  poured  into 
ingot,  and  the  pasty  mass  of  dirt  which  had  soaked  up  flux  and  stuck 
to  the  sides  of  the  crucible  on  pouring  was  scraped  out.  The  flux 
and  scrapings  were  disintegrated  in  water,  after  being  permitted  to 
cool  somewhat,  and  washed  on  a  14-mesh  sieve.  In  all,  265  grams 
ingot  and  15  grams  buttons  were  recovered,  a  total  of  280  grams* 
Or  the  recovery  was  as  foUows: 

Rendu  of  submerging  briquet  in  molten  flux  {run  No.  67). 

Percent. 

Primary  yield,  on  baaia  of  weight  of  briquet 76.8 

Secondary  yield,  on  basis  of  weight  of  briquet 4. 2 

Total  recovery,  on  basis  of  weight  of  briquet 81. 0 

Total  recovery,  on  assumed  basis  of  90  per  cent  metal  con- 
tent   90.0 

CONCLUSIONS   AS   TO   TESTS. 

This  recovery  is  better  than  that  obtained  on  the  loose  dirty  borings 
of  lot  A,  but  the  briquets,  although  they  contained  some  oil  and  dirt, 
did  not  appear  to  contain  quite  so  much  as  lot  A,  hence  no  conclu- 
sions can  be  drawn  from  this  single  small-scale  test  as  to  any  decrease 
in  melting  loss  due  to  briquetting. 

Briquetting  will  increase  the  ease  of  handling  and  probably  increase 
the  speed  of  melting,  as  the  soUd  briquets  transmit  heat  more  rapidly 
than  loose  material.  Whether  it  woidd  increase  the  recovery  or 
not,  and  whether  the  cost  of  briquetting,  including  labor,  power, 
interest,  and  upkeep  on  an  expensive  press,  would  be  compensated 
for  by  increased  recovery  and  decreased  labor  and  fuel  cost  in 
melting,  can  only  be  determined  by  large-scale  tests  on  loose  and 
briquetted  chips  from  the  same  consignment. 
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In  order  to  utilize  the  salt-fluorspar  flux,  it  might  be  worth  while 
to  mix  20  to  30  per  cent  of  flux,  depending  on  the  amount  of  dirt 
in  the  borings,  with  dirty  borings  before  briquetting,  thus  making 
a  briquet  with  the  flux  just  where  it  is  needed. 

BBVBBBE&ATO&Y  MELTZNG. 

One  firm  is  refining  alununum  borings  in  a  reverberatory  furnace 
and  claims  80  per  cent  recovery.  The  details  are  not  available  as  the 
refiners  claim  to  have  a  "secret  process."  Reverberatory  melting  is 
also  done  to  a  small  extent  by  the  firm  using  the  NaCl-CaF,  flux  in 
crucible  melting.  This  flux  is  also  used  when  they  melt  in  the  rever- 
beratory. Reverberatory  melting  of  aluminum  borings  is  considered 
by  many  refiners  as  out  of  the  question,  because  of  loss  by  oxidation 
in  melting;  also  most  of  the  firms  melting  aluminum  ingot  consider 
reverberatory  or  open-flame  melting  impossible  for  the  same  reason. 
On  the  other  hand  ingot  may  be  successfully  melted  in  an  open- 
flame  furnace  if  a  strongly  reducing  flame  is  used,  and  the  market 
alloys  put  out  by  the  manufacturers  of  aluminum  are  usually  made 
in  largo  reverberatory  or  tilting  open-flame,  natural  gas,  or  oil  fur- 
naces. 

In  order  to  determine  whether  the  salt-fluorspar  flux,  which  in 
crucible  melting  has  consistently  given  better  results  than  any  other 
flux  or  method  used  in  the  experimental  tests,  was  appUcablo  to 
reverberatory  melting,  a  small  make-shift  reverberatory  or  tilting 
open-flame  gas  furnace  was  built,  an  old  carboy  rocker  being  used 
for  the  tilting  device,  and  an  old  sink  for  the  body  of  the  furnace. 

The  sink  was  lined  with  fire  brick  and  a  hearth  laid  within  the  fire- 
brick shell  and  lined  with  alundum-magnesite  mixture.  The  hearth 
proper  was  about  2  inches  deep  at  the  lowest  point,  2^  inches  wide, 
10  inches  long  on  the  flat  part  of  the  bottom,  and  sloped  up  to  5 
inches  wide  by  16  inches  long  at  the  top  of  the  hearth.  A  pouring 
spout  was  made  at  one  end  and  space  for  a  charging  hole  left  above 
the  hearth  at  the  other.  An  arched  fire-brick  roof  was  added,  the 
highest  point  of  which  was  about  5  inches  from  the  flat  bottom  of 
the  hearth,  or  3  inches  above  the  level  of  a  fuU  molten  charge,  and 
1  inch  above  the  top  of  the  hearth  proper  at  the  edges  of  the  hearth 
on  the  sides  of  the  furnace.     The  walls  and  roof  were  all  4  inches 

thick. 

City  gas,  the  only  kind  available,  was  used  to  heat  the  furnace. 
A  home-made  burner  made  from  pipe  and  fittings  was  placed  a  few 
inches  in  front  of  the  pouring  spout.  The  waste  gases  passed  out  the 
charging  hole  of  the  furnace.  As  the  burner  was  not  tightly  luted 
into  the  mouth  of  the  furnace,  but  the  flame  was  merely  directed  into 
it,  air  was  freely  drawn  in  by  injector  action.  The  flame  did  not  heat 
the  furnace  very  uniformly,  the  hottest  part  being  about  one-third 
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the  way  from  the  front.  The  rear  third  of  the  furnace  did  not  heat 
up  very  well,  so  the  furnace  was  run  by  tilting  it  forward  a  httle  and 
utilizing  only  the  front  half ,  the  rear  being  used  to  preheat  the  charge, 
which  was  poked  forward  as  room  was  made  for  it  at  the  front. 

It  will  be  seen  that  it  would  be  difficult  to  maintain  a  very  strongly 
reducing  flame  in  such  a  furnace,  so  freely  open  to  the  air.  The  tem- 
perature varied  so  throughout  the  furnace  that  except  on  charges 
melted  to  a  uniform  hquid,  the  temperatiue  of  the  charge  varied  with 
the  location  in  the  furnace. 

A  number  of  melts  of  aluminum  borings  from  lot  B,  containing 
oil  and  much  fine  dirt,  with  not  over  85  per  cent  metal  content,  were 
made.  The  results  of  these  melts  are  given  below  in  the  order  in 
which  they  were  made: 

TESTS  IN  BEVEBBERATOBT  FUBNAOE. 

Run  No,  59.— Four  pounds  of  borings  were  mixed  with  1  pound  (85  per  cent  NaOl, 
15  per  cent  OaFa)  of  flux  and  the  whole  charged  into  the  furnace,  which  was  fairly 
hot  at  the  start.  The  run  lasted  22  minutes,  no  attempt  being  made  to  keep  the  flame 
strongly  reducing.  The  metal  was  poured  before  the  flux  was  really  fluid,  the  tem- 
perature in  the  hottest  part  of  the  flux  being  825**  C.  Apparently  the  amount  of  flux 
was  too  small,  and  the  charge  a  little  too  large,  as  the  direct  flame  played  on  the  upper 
part  of  the  charge.  Some  thermit-like  burning  of  the  charge  near  the  front  of  furnace 
was  noted. 

In  this  run  1.6  pounds  of  ingot  and  2  pounds  of  dirty  buttons  over  2Q-meeh  in  size, 
mixed  with  balled-up  masses  of  dirt  and  flux,  were  recovered.  The  buttons  were 
remelted  with  1  pound  of  flux,  yielding  1.05  pounds  ingot,  and  0.2  pound  of  large 
buttons,  the  total  recovery  being  2.85  pounds.  The  primary  yield  was  40  per  cent, 
the  secondary  yield  31  per  cent,  making  a  total  of  71  per  cent,  or  83)  per  cent  on  the 
basis  of  metflJ  content  of  charge. 

Run  No.  69. — The  whole  charge,  consisting  of  3.2  pounds  borings  and  1  pound  of 
NaGl-€aF2  flux  mixed  with  borings,  plus  1  pound  flux  spread  on  top  after  charging, 
was  charged  at  the  start  in  a  hot  furnace.  The  furnace  was  nm  25  minutes  and  the 
bulk  of  the  metal  poured,  then  run  15  minutes  more  to  melt  the  flux,  but  it  was  pasty 
at  the  end  of  the  run.  No  thermit  reaction  was  noted.  The  yield  was  as  follows: 
Primary  yield,  2.4  pounds,  75  per  cent;  0.05  pound  large  buttons,  1.5  per  cent;  total, 
2.45  pounds,  76.5  per  cent,  or  90  per  cent  on  the  basis  of  metal  content  of  charge. 

Run  No.. 60. — ^The  whole  charge,  consisting  of  3  pounds  of  borings  with  1  pound  of 
flux  spread  on  top,  none  mixed  in  with  borings,  was  charged  in  the  furnace,  which  was 
warm,  but  not  hot.  The  run  lasted  25  minutes.  At  times  thermit-Uke  burning  of 
the  charge  was  observed.  The  dross  and  flux  were  very  dry,  not  being  fluid  or  even 
pasty,  though  the  temperature  in  the  hottest  part  of  the  furnace  was  over  900^  G. 

The  recovery  was  as  follows:  Primary  yield,  1.55  pounds,  52  per  cent;  0.2  pound  of 
large  buttons,  or  6}  per  cent;  total  yield,  1.75  pounds,  or  58)  i>er  cent,  or  69  per  cent 
on  the  basis  of  metal  content  of  charge. 

Run  No.  61. — ^Three  pounds  of  borings  and  1  pound  flux  mixed  were  charged  in  the 
hot  furnace  and  )  pound  of  flux  spread  on  top.  The  run  lasted  25  minutes;  the  flux 
was  pasty  at  the  end.  No  thermit  action  was  observed.  The  recovery  was  as  follows: 
Primary,  2.1  pounds,  or  70  per  cent;  laige  buttons,  0.05  pound,  or  1)  per  cent;  total, 
2.15  pounds,  or  71)  per  cent,  or  84)  i>er  cent  on  the  basis  of  metal  content  of  chaige. 

Run  No.  62. — The  whole  charge,  consisting  of  3  pounds  of  borings  and  2  pounds  flux, 
all  mixed  in,  was  charged  in  the  hot  furnace;  ran  20  minutes.    The  flux  was  nicely 
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psBty  and  a  littfe  over  900^  G.  in  the  hottest  part.  No  thermit  action  was  noted.  The 
recovery  was  aa  follows:  Ingot,  2.1  pounds,  or  70  per  cent;  large  buttons,  0.05  pound, 
or  1.5  per  cent;  total,  2.15  jMunds,  or  71)  per  cent,  or  81.5  per  cent  on  the  basis  of  metal 
content  of  chaige. 

Run  No.  6J. — The  whole  charge,  consLsting  of  5  pounds  of  borings  and  2}  pounds  of 
flux,  all  mixed  in^  was  charged  in  the  hot  furnace;  ran  30  minutes.  The  charge  was 
too  laige,  as  the  flame  played  on  top  of  it.  Some  thermit  action  was  noted.  The 
mixture  of  flux  and  dross  was  too  dry. 

The  recovery  was  as  follows:  Ingot,  2.9  pounds,  or  58  per  cent;  large  buttons,  0.15 
pound,  or  3  per  cent;  total  yield,  3.05  jMunds,  or  61  per  cent,  or  71.5  per  cent  on  the 
bflsia  of  metal  content  of  charge. 

Rtm  No.  64- — The  whole  chaige,  consisting  of  3  pounds  of  borings  and  3  pounds  of 
flux,  all  mixed  in,  was  chaiged  in  the  hot  furnace;  ran  20  minutes.  The  flux  vas 
fully  fluid  at  the  end  of  the  run. 

The  recovery  was  as  follows:  Ingot,  2.1  pounds,  or  70  per  cent;  large  buttons,  6.25 
pound,  or  8  per  cent;  total  yield,  2.35  pounds,  or  78  i>er  cent,  or  92  per  cent  ot^  the 
basis  of  metal  content  of  charge. 

Run  No.  66. — ^Three  pounds  of  borings,  mixed  with  1.5  pounds  of  flux,  was  charged 
in  the  hot  furnace  and  1  jMund  of  flux  spread  on  top;  ran  20  minutes.  The  flux  was 
nicely  pasty. 

The  recovery  was  as  follows:  Primary  yield,  2.2  pounds,  or  73.5  per  cent;  large  but- 
tons, 0.05  pound,  or  1)  per  cent;  total  yield,  2.25  pounds,  75  per  cent,  or  88  per  cent  on 
the  basis  of  metal  content  of  charge. 

Run  No.  66. — ^Three  pounds  of  borings  were  used.  No  flux  was  added  till  the  end, 
then  0.15  pound  of  sal  ammoniac  was  added  and  stirred  in;  the  run  lasting  17  minutes. 
The  flame  used  was  the  same  as  in  previous  runs  with  other  fluxes.  The  melt  was  only 
stirred  occasionally;  very  decided  glowing  or  thermit-like  action  was  obtained.  The 
dross  was  sldmmed  out  on  an  iron  plate  and  dumped  into  water  at  short  intervala 
during  skimming. 

In  this  run  1.15  pounds  ingot  was  obtained  and  many  small  buttons  mixed  with 
adhering  dross,  which  were  remelted  and  yielded  0.1  pound  of  ingot,  0.05  pound  oi 
large  buttons;  the  total  yield  being  1.3  pounds.  The  primary  yield  was  38.5  per  centj 
the  secondary  yield,  5  per  cent;  and  the  total,  43.5  per  cent,  or  51  per  cent  on  the  basis 
of  metal  content  of  charge. 

Run  No.  67. — ^Three  pounds  of  borings  were  used,  and  no  flux  was  added  until  the 
end  of  the  melt,  when  0.15  jMund  of  ZnCl,  was  added  and  stirred  in.  The  flame  was 
on  12  minutes,  the  charge  being  stirred  all  the  time  and  the  borings  worked  over  with 
a  skimmer.  The  flame  was  kept  as  strongly  reducing  as  possible,  almost  smoky,  being 
much  less  oxidizing  than  in  previous  runs.  Not  much  thermit  action  was  observed 
until  the  borings  were  nearly  all  melted  down,  when  the  whole  mass  started  to  heat 
up  almost  instantly.  The  flame  was  cut  off  and  the  mass  vigorously  stirred  for  3 
minutes  more,  then  ZnCls  was  added.    The  dross  was  sldnmied  off  as  in  run  66. 

The  recovery  was  as  follows :  Primary  yield,  1 . 1  pounds,  or  37  per  cent ;  laige  buttons, 
0.35  pound,  or  11.5  per  cent;  total  yield  1.45  pounds,  or  48}  per  cent,  or  57  i>er  cent 
on  the  basis  of  metal  content  of  charge. 

Run  No.  68. — The  whole  charge,  consisting  of  3  poimds  of  borings  with  three- 
ei^th  pound  NaGl-CaF,  flux  mixed  in,  and  three-eighth  pound  spread  on  top  was 
chaiged  in  the  hot  furnace;  ran  16  minutes.  The  flame  was  not  smoky.  The  flux 
and  droBB  were  too  dry. 

The  recovery  was  as  follows:  Ingot,  1.6  pounds,  or  53}  per  cent;  large  buttons, 
0.25  pound,  or  8}  per  cent;  total,  1.85  pounds,  or  62  per  cent,  or  73  per  cent  on  the 
basis  of  metal  content  of  charge. 
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When  the  runs  are  tabulated  in  the  order  of  the  amount  of 
NaCl-CaF,  flux  used,  the  results  may  be  summarized  as  follows: 

Summary  of  results  in  tests  with  reverberatary  furnace. 


Fhix 
used. 

Quantity 

of  flux, 

based  on 

weight  of 

chips. 

Method  of  adding  flux. 

Yield  of  metal- 

Run 
No. 

On  basis  of  weight  of  chips. 

Total 
yield 

Primary. 

Second- 
ary. 

TotaL 

on  basis 

of  metal 

content 

of  charge. 

66. ... 

NH4CI.. 
ZnCl,  .. 
85  parts 

NaCl, 
15  parts 

CaF^ 
. .  .do. . «■ 

Percent. 

5 

6 

25 

»25 
83 
50 

SO 
00 

66 
83 

100 

At  end  of  melt 

Percent. 
38.5 
37 
63.6 

40 
52 
70 

58 
75 

a 

70 
73.5 

70 

Percent. 
5 

11.5 
&5 

31 
6.6 
1.5 

8 
1.6 

1.5 
1,5 

8 

Percent. 
43.5 
48.5 
62 

71 

58.5 

71.5 

61 
76.5 

71.5 
75 

78 

Percent. 

51 

67.... 

do« 

57 

68.... 
68.... 

Half  mixed  in  charge,  half  placed 
on  top. 

All  ml^ed  in  oharee  *. 

73 
83.6 

60.... 

...do. . .. 

All  placed  on  ton 

69 

61.... 
68.... 

...do. . .. 
...do. ... 

Two-thirds  mixed  in  charge,  one- 
third  placed  on  top. 
A  n  tni^Ad  in  p>»ftrpe  <* 

84.5 
71.5 

50.... 
62.... 

...do. . .« 
...do.. .- 

One-half  mixed  in  charge,  one-half 
placed  on  top. 

AO  mixed  in ciarge 

Tliroe-flfths  mixed  in  charge,  two- 
fifths  placed  on  top. 

All  mixed  in  charge 

00 
84.6 

65.... 
64.... 

...do... . 
. .  .do .... 

88 
02 

a  Reducing  flame,  charge  stirred  constantly. 

ft  37  per  cent  including  flux  used  on  remelt. 

e  4  pounds  borings,  not  heated  hot  enough,  SOper  cent  of  flux  used  on  remelt  of  secondary  yield. 

d  5  pounds  borings,  charge  too  large,  causing  flame  to  strike  it. 

BEMABKS   ON   RESULTS   OF  TESTS. 

In  run  68  evidently  not  enough  flux  was  used,  as  the  flux  plus  dross 
was  dry,  and  the  primary  yield  was  low;  that  is,  there  was  poor  sepa- 
ration. 

Run  58  showed  even  poorer  separation,  as  the  temperature  was 
not  raised  high  enough.  Increasing  the  proportion  of  flux  on  the 
remelt  made  up  for  this  somewhat. 

Run  60  also  shows  a  poor  primary  yield,  the  flux  being  aU  on  top 
and  not  properly  protecting  the  borings. 

In  run  63  the  charge  was  too  large,  so  that  the  flame  played  directly 
on  much  of  the  surface  of  the  charge. 

On  account  of  the  greater  surface  in  the  reverberatory  than  in  the 
crucible,  it  is  natural  that  a  greater  proportion  of  flux  be  required. 

Runs  59,  61,  62,  64,  and  65,  with  enough  flux,  of  which  a  sufficient 
amount  was  mixed  in,  averaged  a  primary  yield  of  70  per  cent  and  a 
total  yield  of  74.5  per  cent,  based  on  the  weight  of  chips,  or  87.6  per 
cent  on  the  basis  of  metal  content,  as  compared  with  a  primary  yield 
of  40  per  cent  and  a  total  yield  of  50  per  cent,  or  60  per  cent  on  the 
metaUic  basis  when  NH4CI  or  ZnCl,  was  used  for  flux.  That  is,  the 
tests,  though  on  too  small  a  scale  to  be  conclusive,  indicate  that  with 
a  suitable  flux  to  coat  the  globules  from  the  melting  of  the  tiny  bor- 
ings^ reverberatory  melting  may  be  feasible  and  give  as  good  results 
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as  crucible  melting,  whereas  without  such  a  flux  reverberatory  melt- 
ing is  undoubtedly  not  as  good  as  crucible  melting. 

These  tests,  like  all  the  previous  ones,  have  shown  better  experi- 
mental results  on  the  same  lot  of  borings  when  the  NaCl  — CaF,  flux 
was  used  than  by  any  other  of  the  methods  advocated.         « 

Robinson  1  has  recently  obtained  a  patent  on  a  process  of  recovering 
metals  in  which  he  melts  salt  in  a  reverberatory  furnace,  then  from 
time  to  time  adds  the  aluminum-bearing  refuse,  mixed  with  10  per 
cent  of  its  weight  of  cryolite,  to  dissolve  aluminum  oxide,  preferably 
operating  with  constant  puddling.  As  this  patent  appeared  after  the 
experiments  herein  described  were  completed,  no  tests  were  made  of 
this  method. 

BUBCTBIC  MELTING. 

A  further  test  of  the  NaCl  — CaF,  flux  was  made  on  a  rather  larger 
scale  with  a  crucible  electric  furnace  of  the  Hoskins  type.  Runs  17 
to  21  had  not  indicated  any  appreciable  advantage  from  melting  in 
the  reducing  atmosphere  of  this  type  of  furnace,  and  the  furnace  was 
used  merely  because  it  was  the  most  convenient  one  at  hand  in  the 
laboratory  which  would  take  larger  charges  than  the  small  gas  furnace. 

EXPERIMENTS   IN  MELTINO   INGOT. 

In  three  runs  on  ingot,  in  which  a  total  quantity  of  69  pounds  of 
clean  No.  12  ingot  was  remelted  in  this  furnace  without  flux,  the 
clean  ingot  poured  weighed  68.5  pounds,  also  0.5  pound  of  skimmings 
and  spillings  were  obtained,  of  such  metal  content  that  at  least  0.3 
pound  of  clean  metal  would  have  been  obtained  on  remelting  them. 
That  is,  the  actual  metal  loss  was  not  over  the  one-third  of  1  per 
cent  given  by  good  melting  practice  with  the  iron-pot  furnace. 

EXPERIMENTS  IN  MELTINQ  BORINGS    AND  SKIMMINGS. 

Tliree  preliminary  runs  A,  B,  and  C,  were  made  on  some  odd  lots  of 
borings  that  had  accumulated  from  the  previous  runs,  hereinafter 
reported,  on  sizing  the  borings,  and  on  some  skimmings  and  spillings. 

Run  A  was  made  on  16.65  pounds  of  miscellaneous  borings,  differ- 
ent from  but  approximately  of  the  same  quality  as  those  used  in  run 
B,  with  which  20  per  cent  by  weight  of  the  flux  consisting  of  85  per 
cent  NaCl  and  15  per  cent  CaF,  was  mixed.  The  recovery,  based 
on  total  weight  of  chips  taken,  was  11.8  pounds  ingot,  0.6  pound 
buttons,  or  a  primary  recovery  of  71  per  cent  and  a  total  recovery  of 
74.5  per  cent. 

In  run  B,  on  15  pounds  of  miscellaneous  borings  plus  20  per  cent 
of  the  flux,  the  primary  yield  was  11  pounds  ingot,  or  73.5  per  cent, 
and  the  total  yield  12.2  pounds,  or  81.5  per  cent,  on  the  basis  of  total 
weight  of  chips. 

•  Robinson,  C.  8..  U.  S.  Patent  1180435,  April  25. 1910. 
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In  run  C,  on  13.5  pounds  skmunings,  plus  20  per  cent  flux,  recov- 
ery was  11  pounds  ingot,  or  11.25  pounds  in  all,  or  a  primary  yield 
of  82  per  cent  and  a  total  yield  of  83.5  per  cent.  Two  runs  were 
then  made  on  chips  from  lot  B  with  the  following  results: 

RenUts  of  melting  miuellaneous  borings  wUh  NE^Cl  and  NaCl-CaF^flux, 

Run  Run 

No.  M.  No.  70. 

ObeerveiB G,L  G,L 

Weight  of  chips  taken,  pounds 15  15 

Fluxused NH4CI  85part8NaCl. 

15  parts  CaF,. 

Percentage  of  flux  used ,  on  basis  of  weight  of  chips     2  20 
Yield  of  metal: 

Primary  yield,  percentage  of  weight  of  chips .53  68. 5 

Total  yield,  percentage  of  weight  of  chips. . .    58  71. 5 
Total  yield,  percentage  of  metal  content  of 

charge 68.5  84 

As  the  crucible  was  loose  in  the  furnace,  not  being  supported  at 
the  sides,  puddling  was  not  feasible,  so  in  run  69  the  borings  were 
poked  and  stirred  quite  constantly  as  long  as  oil  was  smoking  off, 
but  the  metal  was  allowed  to  become  more  fluid  between  chargings 
than  was  the  case  in  the  puddling  experiments. 

In  run  70  no  stirring  was  done  till  the  end,  when  the  temperature 
was  raised  well  above  900**  C,  so  that  the  flux  was  really  fluid. 

COIOCBBCIAL  TBST  OF  SALT  AND  FLTTOBSPAB  FLUX. 

As  the  iron  pot,  puddling  process  and  the  crucible,  salt  and  fluor- 
spar process  appeared  to  be,  from  the  experimental  results  and  from 
the  reports  of  the  users  of  the  different  processes,  the  two  most 
satisfactory  in  commercial  use,  it  was  suggested  to  the  firm  using 
the  puddling  process  that  to  test  that  process  against  the  salt  and 
fluorspar  process  on  the  same  lot  of  borings  would  be  of  interest. 
It  was  pointed  out  that  the  higher  temperature  required  in  the 
latter  process  to  make  the  flux  fluid  enough  to  allow  a  good  sepa- 
ration might  be  too  high  to  permit  practiced  life  of  the  iron  pot. 

This  firm  made  such  a  test,  using  an  iron-pot  furnace  for  both 
methods,  and  reported  as  follows: 

A  lot  of  borings  that  had  been  passed  through  a  magnetic  separator  was  carefully 
weighed ,  mixed ,  and  divided  into  two  parts.  One  part  was  melted  down  by  puddling, 
about  2  per  cent  of  zinc  chloride  being  used  as  final  flux;  the  other  part  was  mixed 
with  25  per  cent  of  a  flux  consisting  of  85  per  cent  salt  and  15  per  cent  fluorspar.  The 
cost  of  flux  per  100  pounds  of  chips  was  10.4  cents  for  zinc  chloride  and  10.8  cents  for 
the  salt  and  fluorspar  flux.  The  chips  contained  13.3  per  cent  oil  and  0.6  per  cent  free 
iron  left  after  commercial  magnetic  separation.  The  dross  from  each  melt  was  put  in 
water,  concentrated  in  a  tumbling  barrel,  dried,  and  assayed,  by  running  down  in 
a  small  crucible,  for  it»  metal  content. 

Test  1, — 1,049  pounds  of  chips  plus  20  pounds  of  zinc  chloride  yielded  778  pounds 
of  ingot  and  27  pounds  of  concentrated  skimmings  containing  74  per  cent  metal,  or 
20  pounds,  a  total  of  798  pounds,  giving  a  primary  recovery  of  74.16  per  cent  and  a 
total  recovery  of  76.06  per  cent. 
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TeMi  t, — 508  pounds  of  chips  mixed  with  126  pounds  of  the  flux  consisting  of  85 
per  cent  salt  and  15  per  cent  fluorspar  yielded  376  pounds  ingot  and  22  pounds  con- 
centrated skimmings  of  62.5  per  cent  metal  content,  or  14  pounds,  a  total  of  390  pounds, 
giving  a  primary  recovery  of  74.01  per  cent  and  a  total  recovery  of  76.71  per  cent. 

Test  1  took  6}  hours  and  test  2  took  8  hours,  or  the  ingot  produced  per  hour  was  119 
pounds  with  the  puddling  method  as  compared  with  47  pounds  by  the  salt  and  fluor- 
spar method;  that  is,  the  production  was  cut  down  60  per  cent.  The  iron  pot  used 
in  test  2  was  practicaUy  ruined  at  the  end  of  the  test,  owing  to  the  high  temperature 
necessary  to  melt  the  flux.  The  metal  is  heated  too  hot  during  the  melting,  thus 
injuring  the  quality,  in  the  salt  and  fluorspar  method.  The  results  show  that  the 
salt  and  fluorBpar  flux  can  not  be  used  with  an  iron  pot,  for  the  flux  has  little  effect 
if  not  pasty  or  molten,  and  the  temperature  necessary  for  this  result  is  too  high  for 
the  iron  pot.  The  best  place  to  use  such  a  flux  is  in  melting  grindings  or  very  dirty 
borings.  When  wcHrk  slackens  somewhat  we  are  going  to  make  a  test  with  a  crucible, 
and  will  inform  you  of  the  results. 

No  report  has  yet  (June,  1916)  been  received  on  the  crucible 
test.  From  some  other  comments  it  seemed  possible  that  this  firm 
had  used  continuous  puddling  on  test  2  as  well  as  on  test  1,  although 
in  suggesting  the  test  it  was  pointed  out  that  continuous  stirring 
was  apparently  not  desirable  with  the  salt  and  fluorspar  flux.  An 
inquiry  on  this  point,  and  as  to  whether  the  borings  contained  dirt 
as  well  as  oil  was  imanswered.  From  the  comment  on  the  apparent 
applicability  of  the  salt  and  fluorspar  flux  to  dirty  borings,  it  would 
seem  probable  that  the  borings  tested  were  not  dirty. 

If  the  true  metal  content  be  taken  as  the  oil-free  content,  the 
recovery  of  76  to  77  per  cent  obtained  by  both  methods  is  equivalent 
to  88  to  89  per  cent  on  the  basis  of  true  metal  content,  or  well  above 
the  68  to  70  per  cent  recovery,  on  the  basis  of  original  weight  of 
chips,  reported  by  this  firm  as  its  average  yearly  recovery  on  all 
borings  melted  by  the  puddUng  process,  which  would  indicate  that 
the  borings  used  were  of  better  quality  than  the  average. 

Although  the  results  of  this  test  are  unfavorable  to  the  use  of  salt 
and  fluorspar  flux  for  iron-pot  melting,  they  do  not  show  how  pud- 
dling in  an  iron  pot  and  using  the  salt  and  fluorspar  flux  in  coke  or 
oil-fired  crucible  furnaces  would  compare.  The  output  per  furnace 
was  less  with  the  salt  and  fluorspar  flux,  but  it  should  be  remembered 
that  when  salt  and  fluorspar  flux  is  used  the  charge  does  not  require 
oontinuous  stirring,  as  in  the  puddhng  process,  and  that  the  output 
per  furnace  tender  should  therefore  not  be  reduced.  Of  course,  the 
melting  of  25  per  cent  of  flux  will  require  more  fuel  than  in  a  process 
which  does  not  use  a  large  proportion  of  flux.  Moreover,  if  the  re- 
sults of  the  small-scale  tests  on  reverberatory  melting  would  hold  on 
a  commercial  scale,  it  would  appear  that  the  fuel  and  labor  economies 
possible  from  melting  in  a  reverberatory  on  a  larger  scale  than  with 
crucible  or  pot  furnaces,  might  perhaps  be  better  gained  by  using  the 
salt  and  fluorspar  flux,  as  puddling  in  a  reverberatory  would  be  very 
di£5cult. 
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EFFECT  OF  SIZING  THE  BOBINGS. 

In  order  to  determine  whether  sifting  the  borings  and  melting  the 
larger  and  the  smaller  sizes  separately  would  be  of  advantage,  some  bor- 
ings from  lot  A  were  sifted  on  a  20-mesh  riddle,  80  per  cent  remaining 
on  it  and  20  per  cent  passing  through  it.  The  results  of  runs  made 
on  those  borings  were  as  follows: 

Results  of  melting  sized  borings  from  lot  A  with  NH4CI  flux. 

Run  No.  71.  Run  No.  73. 

Size  of  borings Over  20-  Under  20- 

mesh.  mesh. 

Observer G  G 

Weight  of  chips  used,,  kilograms 2  2 

Percentage  of  flux,  on  basis  of  weight  of  borings. . .           2  2 
Yield  of  metal,  on  basis  of  weight  of  chips: 

Primar>' yield,  per  cent 50.5  8.4 

Total  yieid,  per  cent 67  5  18.3 

As  the  total  yield  on  the  larger  borings,  which  make  up  80  per  cent 
by  weight  of  the  unsifted  borings,  was  67.5  per  cent  and  that  on  the 
smaller  borings,  which  make  up  20  per  cent  of  that  weight,  was  18.3 
per  cent,  the  total  yield  on  the  basis  of  weight  of  unsifted  chips  was 

(67.5X80) +  (18.3X20)     -^  ^      u-  u  •  •     i     w     ^.i  c 

■^ j^ ^  =  58  per  cent,  which  is  eqmvalent  to  64.5  per 

cent  of  the  actual  metal  content. 

A  14-mesh  riddle  was  used  in  order  to  get  a  better  separation  of 
larger  borings  from  the  smaller  ones,  and  the  material  passing  14- 
mesh  was  sifted  on  a  40-mesh  screen  to  free  it  from  dirt,  the  material 
under  40-mesh  being  discarded.  The  two  sizes  were  each  melted 
with  the  NaCl-CaF,  flux  by  heating  to  900*"  C.  The  following  results 
were  obtained: 

Results  of  malting  sized  borings  Jrom  lot  A  with  NaCl-CaF^  and  ZnCl^. 


Quantity 

Yieid  of  metal,  on 

of  flux 

basis  of  weight  of 

Run 
No. 

Lot. 

Weight  of 
charge. 

SlEe  of  borings. 

Observer. 

Flux  used. 

used,  on 

basis  of 

weight 

of  chips. 

chips. 

Primary. 

Total 

Kg. 

Percent, 

Percent. 

Percent, 

73.... 

A 

1.25 

Over  14-mesh 

J 

85  parts  NaCl, 
15  parts  CaF|. 

15 

84 

84.5 

74.... 

A 

1.25 

•  •  •  •  •  U V  •••••■■■■■«• 

do 

15 

87 

88 

76-... 

A 

1.25 

A  «  •  •  •  U  w  «•• ■•«•■•■•• 

do 

25 

87 

88 

76.... 

A 

1.25 

do 

do 

25 

86 

86.5 

77.... 

A 

1 

Between    14  and 
40  mesh. 

do 

25 

71 

72 

78.... 

A 
A 
A 
A 

1 
1 
1 
1.5 

do 

do 

do 

do 

ZnCli 

25 

60 

50 

2 

73.5 
68 
70.6 
66 

74 

80 

do 

68.5 

81 

71 

82o  .. 

do 

61.5 

a  Run  82  was  made  by  the  puddling  process. 
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In  the  runs  in  which  the  NaCl-CaF,  flux  was  used  the  average  total 
recovery  on  the  material  over  14-mesh  was  87  per  cent  and  on  that 
between  14  and  40  mesh  it  was  71.5  per  cent.  As  54  per  cent  of  the 
unsifted  borings  passed  the  14-mesh  riddle,  42  per  cent  was  between 
14  and  40  mesh,  and  4  per  cent  was  under  40-mesh  and  discarded, 
being  practically  all  dirt.     The  results  may  be  figured  as  follows: 

(54X87)  4- (42X71.5)     „  *      i,-  i.  •    *i.    *  4.  i  ^x. 
u^ ■"  ^^  P®'*  ^^^*»  which  IS  the  total  recovery  on  the 

basis  of  the  original  weight  of  dirty  borings,  or  85.5  per  cent  on  the 
basis  of  metal  content,  a  recovery  that  is  only  slightly  better  than 
the  average  of  results  on  unsifted  material  and  is  the  same  as  the 
maximum.  On  the  very  fine  material  the  use  of  salt  and  fluorspar 
flux  gave  markedly  better  results  than  puddling,  which  su^ests  that 
the  borings  might  be  sifted  and  the  puddling  process  used  on  the 
cleaner  and  larger  fraction,  thus  allowing  the  use  of  the  iron  pot  for 
most  of  the  chips,  and  the  smaller  and  dirtier  part  melted  in  crucibles 
in  coke  or  oil  fires  with  NaQ-CaF,  flux.  This  method  would  reduce 
the  fuel  consumption,  as  more  would  be  required  to  melt  the  large 
amount  of  NaCl-CaF,  flux  needed  were  it  to  be  used  on  all  of  the 
borings  without  sifting  them. 

Some  chips  from  lot  B  were  also  sifted  on  14  and  40  mesh  riddles, 
giving  57.5  per  cent  over  14-mesh,  30.3  per  cent  between  14  and  40 
mesh,  and  12.2  per  cent  under  40-mesh,  which  was  practically  all 
dirt,  and  discarded.  A  run  (No.  83)  was  made  on  the  material  that 
was  over  14-mesh,  in  the  electric  furnace  used  for  runs  69  and  70. 
The  results  were  as  follows: 

Result  of  melting  chips  from  barrel  B,  over  14-mesh  in  size,  in  an  electric  fumace  {run 

No.  8S.) 
Observers,  6  and  L. 
Weight  of  chips  used,  15  pounds. 
Flux  used,  85  per  cent  NaCl  and  15  per  cent  CaF,. 
Quantity  of  flux  used,  based  on  weight  of  chips,  20  per  cent. 
Yield  of  metal,  on  basis  of  weight  of  chips: 
Primary  yield,  86.5  per  cent. 
Total  yield,  89  per  cent. 

This  larger  scale  test  on  the  material  over  14-mesh  from  lot  B 
agreed  well  with  the  tests  in  the  small  gas  fiu-nace  (runs  73  to  76)  of 
the  material  over  14-mesh  from  lot  A.  The  material  from  14  to  40 
mesh  in  size  was  used  in  washing  tests. 

As  the  large  chips  are  much  easier  to  handle  so  as  to  get  a  high 
recovery  than  those  under  20-mesh,  it  would  pay  to  separate  them  for 
remelting  if  some  use  could  be  found  for  the  fine  material.  Where, 
as  in  the  case  cited  on  page  10,  there  is  a  demand  for  chips  for  chemical 
use,  this  could  be  done.  Possibly  the  fine  material  might  be  used  in 
calorizing,  after  further  comminution,  and  would  offer  a  cheaper 
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source  of  aluminum  for  that  purpose  than  the  aluminum  powder  now 
used,  provided  the  copper  or  zinc  in  the  alloy  chips  was  not  detrimental, 
and  provided  also  that  the  dirt  in  the  chips  would  take  the  place  of 
the  aluminum  oxide  now  added  to  prevent  coalescence. 

EZPBBIMSNTS  IN  WASHZNG  THE  CHIPS. 

The  results  in  all  of  the  experiments  described  go  to  show  that 
dean  borings  may  be  melted  with  comparatively  little  loss,  and  that 
a  small  content  of  fine  dirt  greatly  increases  the  difficulty  of  making 
the  tiny  globules  coalesce.  When  the  borings  are  oily,  the  dirt 
sticks  tightly  to  them,  so  that  simply  sifting  them  will  not  remove 
the  dirt. 

Obviously  the  next  experiment  to  try,  then,  was  to  wash  the  borings 
so  as  to  free  them  from  oil  and  then  sift  out  the  dirt. 

WASHING  WITH  HOT  WATER. 

An  attempt  was  made  to  wash  chips  from  lot  A  with  hot  water,  in 
the  hope  that  the  oil  would  be  freed  from  the  chips  and  float  to  the 
top.  But  although  the  chips  in  lot  A  contained  about  3  per  cent  oil, 
as  was  determined  by  ether  extraction,  not  a  trace  of  oil  was  floated 
off  by  the  water.  Bancroft'  has  explained  this  retention  of  oil  by  the 
fact  that  aluminum  adsorbs  oil  more  readily  than  it  does  water.  He 
has  found  in  flotation  experiments  that  if  aluminum  powder  be  shaken 
with  kerosene  and  water,  the  aluminum  goes  entirely  into  the  kero- 
sene layer,  being  floated  up  by  it.  In  the  experiment  by  the  writer 
the  chips,  being  too  heavy  to  be  floated  by  the  small  amount  of  ad- 
sorbed oil,  held  the  oil  down  with  them  instead  of  rising  with  it  as  in 
the  case  of  the  powder  in  the  presence  of  much  oiL 

WASHING  WITH  A  WATER-SOLUBLE   CUTTING  COMPOUND. 

Inasmuch  as  a  high  recovery  was  reported  on  diips  cut  with  a 
water-soluble  cutting  compound  and  then  centrifuged,  it  was  thought 
possible  that  oily  borings  washed  with  this  compound  might  be  cleaned 
and  freed  from  dirt,  so  some^f  the  compound  was  obtained  through 
the  courtesy  of  the  makers. 

This  compoimd  was  a  stiff  white  emulsion  of  oil,  soda  soap,  and 
water,  the  water  forming  over  half  of  the  material.  On  ignition  it 
formed  2  to  2.5  per  cent  ash,  mainly  Na,CO,.  It  was  practically 
neutral  in  reaction,  showing  a  very  faint  alkaline  reaction  with 
phenolphthalein,  due  to  hydrolysis  of  the  soap.  When  the  com- 
pound was  stirred  into  water  a  very  stable  milk-white  emulsion  was 
formed. 

•  Baaoroft,  W.  D.,  In  dJaouaslon.    Tnns.  Am.  Electrochem.  Soo.,  vol.  28, 1913,  p.  2M. 


BXPEBIMEKT8  IN   MELTING  ALUMINUM   CHIPS.  61 

Washing  chips  from  lot  A  with  this  emulsion  did  not  remove  appre- 
ciable amounts  of  oil  or  dirt,  so  that  the  high  recovery  reported  seems 
due  to  cleanliness  rather  than  to  any  specific  action  of  the  cutting 
compound. 

WASHINO   WITH   OASOLINB. 

Washing  with  gasoline  was  then  attempted.  The  borings  were 
washed  on  a  20-mesh  riddle  and  the  fraction  over  20-mesh  and  that 
under  20-mesh  were  dried  separately.  The  dry  material  under  20- 
mesh  was  then  sifted  on  an  80-mesh  riddle.  Only  one  change  of 
gasoline  was  used,  but  it  took  nearly  5  gallons  of  gasoline  to  wash 
about  60  pounds  of  borings.  The  results  of  washing  were  as  follows : 
Oil  eliminated,  3  per  cent;  dirt  eliminated,  7  per  cent;  clean  borings 
over  20-mesh,  72  per  cent;  clean  borings  under  20-mesh,  18  per  cent. 

The  borings  oyer  20-mesh  were  quite  bright,  but  there  was  still 
some  oil  not  yet  washed  out  and  some  dirt  adhering  to  them,  and  on 
melting  down  these  borings  oil  still  smoked  off,  though  the  smoking 
stopped  much  sooner  than  with  the  original  unwashed  material. 
The  washed  borings  under  20-mesh  contained  a  httle  more  oil  than 
those  ov^  20-mesh,  and  considerably  more  dirt.  As  no  accurate 
method  of  analysis  to  determine  the  amount  of  dirt  still  retained 
could  be  devised,  the  assumption  was  made  for  purposes  of  compu- 
tation that  the  borings  after  washing  were  100  per  cent  metal. 

A  heat  of  washed  borings  was  then  run  with  a  mixture  of  72  parts 
of  borings  over  20-mesh  and  18  parts  of  borings  under  20-mesh — 
that  is,  a  mixture  that  could  be  considered  as  washed  but  not  sifted. 
The  results  of  this  run  were  as  follows: 

Rendu  of  melting  borings  washed  in  gasoline  (run  No.  8S), 

Gliips  from  lot  A  used  in  test. 

Obaerver,  G. 

Weight  of  chipe  used,  2  kilograms. 

Flux  used,  NH4GI. 

Quantity  of  flux  used,  based  on  weight  of  chips,  2  per  cent. 

Yield  of  metal,  on  basis  of  weight  of  chips: 

Primary  yield,  60  per  cent. 

Total  yield,  67  per  cent. 

As  this  charge  weighed  but  90  per  cent  of  what  the  unwashed 
borings  would  weigh,  and  the  washed  borings  are  assumed  to  be  all 
metal,  the  total  yield  given,  67  per  cent,  is  on  the  basis  of  metal  content, 
and  the  total  yield  on  the  basis  of  original  weight  of  chips  is  60  per 
cent. 
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Samples  of  the  two  fractions  were  then  run  separately,  with  results 
as  follows: 

ReiuUs  ofnuUing  the  fractions  separately. 


Weight  of  chips  used,  kilogranu. 
Observer 


RimNo.84.    BunNo.85k 


G. 


G. 


Size  of  borings Over  20-  Under20- 

mesh.  meah. 

Flux  used NH4CI  NH4CI 

Percentage  of  flux  used  on  basis  of  weight  of  chips.  2  2 

Yield  of  metal,  on  basis  of  weight  of  chips: 

Primary  yield,  per  cent 73.5  26.8 

Total  yield,  percent 81.6  37.3 

The  average  total  yield,  on  the  basis  of  the  original  weight  of 

V*  J  u    •         •     (72X81 .5) +  (18X37.5)     ^- ^ 
unsifted  bonngs,  is  -^^ -j^ =^=65.5  per  cent,  or  on  the 

basis  of  true  metal  content  is  73  per  cent.  Samples  of  the  two  frac- 
tions were  also  run  separately,  poking  each  into  a  hed  of  1  kilogram 
of  molten  metal,  with  the  following  results: 

Results  of  melting  borings  vrith  heel  of  molten  m>etaL 


Ron 
No. 


86.. 

87., 
88.. 


Chips  tued. 


Chips  from  lot  A, 
washed  with  gaso- 
line. 

....do 


.do. 


CharaB 
used. 


Kg- 


I 
1 


Bise. 


Over    20- 
mesh. 

Under  20- 
mesh. 

I  •  »  •  •  U  v«  «  •  •  q 


Ob- 
server. 


O. 
O. 


Flux 
used. 


NH4CI 
...do... 


Quantity 

of  flux 

used  on 

basis  of 

weight  of 
charge. 


Percent. 
2 


2 
2 


Yield  of  metal  on  basis  of 
weight  of  charge. 


Primary. 


Percent. 
70 


29.6 
23.6 


Total. 


Perct. 
80.5 


41.6 
39.5 


Aver- 
age. 


Perct. 


I 


40.5 


By  this  method  the  total  yield,  on  the  hasis  of  weight  of  unsifted 

,     .          .     (72X80.5)  4- (18X40.5)     ^.  .  xu    u    •      * 

bonngs,  is  -^ =yoo ^  —  65  per  cent,  or  on  the  basis  of 

true  metal  content  is  73  per  cent. 

When  runs  84  to  88  are  compared  with  runs  2  to  7  and  24,  25,  in 
which  similar  melting  methods  were  used  on  unwashed,  unsifted  mate- 
rial it  appears  that  there  is  probably  a  slight  advantage,  as  regards 
recovery,  in  washing  and  sifting. 

Some  of  the  material  over  20-mesh  washed  with  gasoline  was 
melted  with  the  NaCl-CaF,  flux,  with  the  following  results. 
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Re9uU$  of  melting  washed  banng$  over  tO  Truth  in  size  wUh  NaCUCaF^fiuz, 

Ran  Run 

No.  80.  No.  90. 

Observer * J.  J. 

Size  of  borings Over    20-     Under  20- 

mesh.  mesh. 

Weight  of  charge  used,  kilograms 1.25  L25 

Percentage  of  flux  used,  based  on  weight  of  bor- 
ings           26  25 

Yield  of  metal,  on  basis  of  weight  of  borings  used : 

Primary  yield,  i>er  cent 86.5  87 

Total  yield,  p^cent 87.5  88 

The  results  check  with  those  obtained  on  melting  unwashed  bor- 
ings over  14-mesh  with  this  flux  in  runs  73  to  76  on  chips  from  lot  A 
and  in  run  83  on  chips  from  lot  B,  but  are  not  superior,  so  that  if 
washing  is  of  advantage  its  advantage  is  mainly  on  the  finer  borings. 

WASHmQ   WTTH   OAUSTIO-SODA   SOLUTION. 

No  runs  were  made  with  this  flux  on  the  fraction  under  20-mesh, 
washed  in  gasoline,  as  the  supply  of  this  fine  material  was  exhausted 
and  gasoline  washing  seemed  to  be  too  expensive  a  process  for  com- 
mercial use.  However,  some  of  the  material  between  14  and  40 
mesh  left  from  the  sizing  of  part  of  lot  B  for  run  83  was  washed  in  a 
dilute  solution  of  caustic  soda.  Caustic  soda  or  caustic  potash  in 
dilute  solution,  is  used  as  a  cleaner  before  polishing  aluminum  arti- 
cles. If  saponifiable  oil  or  grease  is  present,  it  will  form  a  soap  that 
will  tend  to  emulsify  parafiBji  oil.  If  there  is  no  saponifiable  matter 
hi  the  cutting  oil,  soap  could  be  added  to  the  NaOH  or  EOH  solution. 

Preliminary  tests  showed  that  the  oil  and  dirt  in  chips  of  lot  B 
were  so  loosened  by  the  action  of  a  0.5  per  cent  solution  of  NaOH 
that  if  the  chips  were  placed  in  the  solution,  allowed  to  remain  with 
constant  stirring  till  slight  chemical  attack  of  the  NaOH  on  the 
aluminum  had  begun,  as  shown  by  a  fairly  rapid  evolution  of  gas 
bubbles,  a  great  deal  of  the  dirt  was  brought  to  the  top  by  the  gas 
and  could  readily  be  floated  off  with  water,  which  also  serves  to 
wash  out  the  caustic  solution. 

After  the  chips  had  been  washed,  they  were  freed  from  water  by 
centnfuging  and  then  drying  at  100^  0. 

The  method  of  washing  was  rather  crude,  1,500  grams  of  the  chips 
between  14  and  40  mesh  being  placed  in  a  pan,  5  liters  of  0.5  per  cent 
NaOH  solution  added,  and  the  whole  stirred  till  there  was  a  fairly 
copious  evolution  of  gas,  which  required  about  10  minutes.  Water 
was  then  run  into  the  bottom  of  the  pan  through  a  tube  and  allowed 
to  overflow  with  constant  stirring  of  the  chips  until  the  water  ran 
dear,  which  took  about  10  minutes  more. 

The  chips  were  then  drained  and  centrifuged.  The  only  centri- 
fuge available  was  of  very  small  capacity  and  there  was  a  slight 
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mechanical  loss  in  transferring  the  chips.  From  1,500  grams  of  the 
14  to  40  mesh  chips,  1,412  grams  of  slightly  damp  chips  were  obtained 
after  centrifuging,  which,  after  being  dried  at  100^  C.  and  15  grains 
of  dirt  sifted  out  on  an  80-mesh  screen,  weighed  1,362  grams — that 
is,  9  per  cent  of  the  1,500  grams  of  the  14  to  40  mesh  fraction,  or  3  per 
cent  of  the  imsifted  dirty  borings,  was  removed  from  this  fraction  by 
washing.  The  1,362  grams  were  then  run  down  with  20  per  cent  of 
the  NaCl-CaF,  flux. 
The  results  of  the  test  were  as  foUoivs: 

Results  of  melting  chips  14  to  40  mesh  in  sizSy  washed  in  NaOH  solution  (pin  No.  89), 

Chips  used,  from  lot  A,  14  to  40  mesh,  washed  in  NaOH  solution. 

Observer,  J. 

Weight  of  chips  used,  1.33  kilograms. 

Flux  used,  85  per  cent  NaOl,  15  per  cent  GaFf 

Quantity  of  flux  used,  based  on  weight  of  chaige,  20  per  cent. 

Yield  of  metal,  on  basis  of  weight  of  chips: 

Primary  yield,  72  per  cent. 

Total  yield,  75.5  per  cent. 

On  the  basis  of  the  1,500  grams  originally  taken,  the  total  recovery 
was  68.5  per  cent,  which  is  slightly  less  than  the  yield  of  71.5  per 
cent  obtained  in  runs  77  to  81,  which  were  made  on  the  unwashed 
14  to  40  mesh  fraction  from  lot  A,  but  it  must  be  remembered  that  the 
chips  in  lot  A  were  not  so  dirty  as  those  in  lot  B. 

As  the  recovery  on  the  unwashed  fraction  over  14  mesh  in  size 
used  in  run  83  was  89  per  cent,  the  total  recovery,  calculated  on  the 
basis  of  original  weight  of  unsifted  material,  is 

(67.5  X  89)  4-  (30.3  X  68.6)     ^^ 
jqq «  72  per  cent, 

or,  on  the  basis  of  true  metal  content,  85  per  cent. 

Two  1,500-gram  samples  of  the  unsifted  borings  from  lot  B  were 
then  washed  with  NaOH  solution,  centrifuged,  and  dried,  one  yield- 
ing 1,326  grams  and  the  other  1,316  grams.  These  samples  were 
run  down  with  20  per  cent  of  NaQ-CaF,  flux,  with  results  as  follows: 

Results  of  melting  urutfted  borings  from  lot  B,  washed  in  NaOH  solution. 

Run  Run 

No.  90.  No.  91. 

Observer J  J 

Weight  of  borings  used,  kilograms 15  1. 5 

Flux  used  P  P^*^  ^*^      ^  P*^  ^*^^ 
115  parts  CaFj      15  parts  CaF, 

Quantity  of  flux,  on  basis  of  weight  of 

chips,  per  cent 20  20 

Yield  of  metal- 
Primary  yield,  percentage  of  weight 

ofchips 71  70 

Total  yield,  percentage  of  weight  of 

chips 745  75 

Total   yield,    percentage   of  metal 
content  of  chips 87. 6  88. 6 
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These  results  show  enough  improvement  over  those  on  unwashed 
chips  from  lot  B  to  make  it  seem  possible  that  washing  dirty  borings 
witiii  dilute  NaOH  solution  might  be  worth  while.  One  method  that 
suggests  itself  for  trial  on  dirty  borings  is  to  use  a  concentrating 
table  of  the  Wilfley  type,  fed  not  with  water  but  with  dilute  NaOH 
solution,  or  with  a  solution  of  both  NaOH  and  soap,  the  solution  to 
be  run  into  a  settler  and  pumped  back  into  the  system,  followed  by 
washing  with  water  and  centrifugmg. 

From  the  comparative  readiness  with  which  dirt  was  freed  from 
the  chips  in  the  experiments  it  would  seem  that  such  treatment 
would  be  worth  a  oommercial  test.  As  most  refining  plants  and 
many  nonferrous  foundiies  are  now  equipped  with  concentrating 
tables  for  use  on  brass-foundry  wastes,  the  only  unusual  piece  of 
apparatus  required  would  be  the  centrifuge. 

Borings  thus  cleaned  and  dried  would  probably  be  more  readily 
separated  from  free  iron  on  being  passed  over  the  magnetic  separator 
than  oily  borings.  Were  a  centrifuge  installed,  very  oily'  borings, 
such  as  contain  10  per  cent  or  more  of  oil,  might  be  run  through  the 
centrifuge  before  washing,  which  would  leave  less  work  for  the 
deamng  solution  to  do,  and  the  cost  of  the  operation  would  probably 
be  compensated  for  by  the  value  of  the  oil  recovered. 

MZSGELLANEOTTS  BXPEBIMENTS  IN  ELECTRIC  FX7BNACES. 

After  the  experiments  above  cited  had  been  completed,  another 
indirect  arc  furnace  was  constructed  for  other  purposes,  and  the 
question  arose  whether  or  not  the  furnace  would  be  applicable  to 
melting  aluminum  chips. 

Another  lot  of  No.  12  alloy  chips,  designated  as  lot  D,  was  obtained 
from  a  large  refining  company,  which  stated  that  it  had  made  a  77 
per  cent  recovery,  on  the  basis  of  the  weight  of  the  chips,  from  these 
chips  by  the  puddling  process. 

On  chips  that  were  sized  without  extracting  the  oil,  the  re- 
coveries were  as  follows:  Chips  over  14  mesh  in  size,  62  per  cent; 
between  14  and  40  mesh,  30  per  cent;  and  under  40  mesh,  8  per  cent. 
By  extraction  with  ether,  5  per  cent  of  oil  was  obtained;  and  by 
sifting  the  oil-free  borings  on  a  40-mesh  sieve,  and  carefully  floating 
off  the  dirt  from  the  small  amount  of  aluminum  that  passed  the  40- 
mesh  sieve,  7  per  cent  of  dirt  was  obtained.  Hence  the  chips  con- 
tained at  least  12  per  cent  of  nonmetallic  material,  and  the  metal 
content  was  not  over  88  per  cent.  This  means  that  in  commercial 
practice  the  puddling  process  gave  a  recovery  of  87.5  per  cent  of  the 
metallic  content. 

32496*»— ] 
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EXPERIMENTS   WITH   INDIRECT   ARC   FURNACE. 

The  indirect  arc  furnace  resembled  in  form  a  horizontal  cyl" 
inder.  The  melting  chamber  was  15  inches  in  diameter  and  about 
15  inches  long.  Graphite  electrodes  2  inches  in  diameter  were  passed 
horizontally  into  the  center  of  the  chamber,  and  the  arc  was  formed 
between  them.  The  furnace  hning  forming  the  melting  chamber  was 
of  fire  brick,  coated  with  asbestos  cement,  and  this  layer  was  coated 
with  alundum  magnesite  mixture. 

MELTING    WITH   ALUNDUM- MAGNESITE    UNINO. 

Run  No.  92. — ^Twenty-five  pounds  of  chips,  mixed  with  10  pounds 
of  flux,  consisting  of  85  parts  NaCl  and  15  parts  CaF,  was  charged 
into  the  cold  furnace.  The  charge  came  within  about  2  inches  of  the 
arc.  After  42  minutes  heating  in  which  20  kilowatt-hours  were 
used,,  a  pool  of  metal  had  collected  in  the  bottom,  and  the  tempera- 
ture was  900°  C.  The  flux  was  not  fluid  and  still  held  many  buttons 
of  metal,  and  a  few  unmelted  chips  remained  in  the  bottom  of  the 
furnace.  The  yield  of  ingot  was  6.25  pounds,  or  a  primary  yield  of 
25  per  cent  on  the  basis  of  original  weight  of  chips  charged.  The 
flux  was  scraped  out  and  on  being  crushed  and  washed  yielded  8.25 
pounds  of  buttons,  or  35  per  cent,  which,  with  the  25  per  cent  pre- 
viously obtained,  made  a  total  recovery  of  60  per  cent,  on  the  basis 
of  original  weight  of  chips. 

It  was  evident  that  the  charge  as  a  whole  was  not  hot  enough,  and 
that  it  would  have  been  better  not  to  charge  so  many  chips  at  once. 
The  magnesite-alundum  lining  was  badly  attacked  and  began  to 
crumble  off,  and  as  this  was  believed  to  be  due  to  the  effect  of  the 
fluorspar,  it  was  decided  to  try  common  salt  in  the  next  heat. 

Run  No.  93. — ^Ten  pounds  of  chips  mixed  with  5  pounds  NaCl  was 
charged  into  the  cold  furnace  and  the  current  turned  on,  17  kilowatt- 
hours  being  used  in  29  minutes,  then  10  pounds  of  chips  mixed  with 
5  pounds  of  NaCl  was  added.  Heating  was  continued  25  minutes 
more,  using  13  kilowatt-hours,  or  the  total  power  input  was  30. 
kilowatt-hours.  The  temperature  was  over  1,000®  C,  but  the  mass 
of  NaCl  and  dross  was  only  pasty.  From  the  20  pounds  of  chips 
charged,  7.5  pounds  ingot  and  5  pounds  of  buttons  were  obtained, 
or  a  primary  yield  of  37.5  per  cent  and  a  total  yield  of  62.5  per  cent, 
on  the  basis  of  original  weight  of  chips.  The  lining  continued  to 
crumble. 

Run  No.  94' — ^The  furnace  was  preheated  by  the  use  of  15  kilowatt- 
hours  and  then  15  pounds  of  cliips,  plus  15  pounds  of  flux,  consisting 
of  85  parts  NaCl  and  15  parts  of  CaF„  was  charged.  Ten  pounds 
of  the  flux  was  mixed  with  the  chips,  and  5  pounds  placed  on  top  of 
the  charge.    After  27  minutes,  in  which  15  kilowatt-hours  more 
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was  used^  the  charge  was  at  a  temperature  of  900°  C.  The  bulk  of 
the  flux  was  fluid,  but  it  contained  some  matted  masses  of  flux  and 
dross  that  were  only  pasty.  Seven  and  one-half  pounds  of  ingot  and 
some  flux  were  poured.  The  flux  that  poured  out  with  the  metal  was 
replaced  in  the  furnace  and  heated  20  minutes,  in  which  10  kilowatt- 
hours  were  used.  Two  and  nine-tenths  pounds  ingot  was  obtained 
on  the  second  pour.  The  flux  was  all  fluid  at  this  time.  Besides 
the  total  of  10.4  pounds  of  ingot,  0.9  pound  of  buttons  was  recovered 
from  the  slag,  giving  a  primary  or  ingot  yield  of  69.5  per  cent  and  a 
total  yield  of  75  per  cent  on  the  basis  of  the  weight  of  chips  charged. 
The  Ibiing  was  still  crumbling  badly,  and  after  the  furnace  had  cooled 
all  loose  pieces  were  taken  out.  By  this  time  most  of  the  alundum 
magnesite  layer  of  the  lining  had  c jme  off.  It  appeared  that  with  a 
lining  not  attacked  by  the  flux  and  with  sufficient  flux  fair  recoveries 
might  be  made. 

Run  No.  95. — ^In  order  to  determine  whether  less  flux  than  was 
used  in  the  previous  run  would  serve,  run  95  was  made,  after  the 
furnace  had  been  preheated  for  15  kilowatt-hours,  by  charging  18 
poxmds  of  borings  mixed  with  8  pounds  of  the  flux  (85  parts  NaCl, 
15  parts  CaFj)  and  placing  3  pounds  of  flux  on  top  of  the  charge. 
After  44  minutes,  in  which  22.5  kilowatt-hours  was  used,  there  was 
a  pool  of  metal  in  the  furnace,  and  10.2  pounds  of  ingot  was  poured, 
but  the  flux  was  not  fluid.  The  heat  was  continued  for  18  minutes, 
7.5  kilowatt-hours  being  used,  and  1.4  pounds  more  ingot  was  poured. 
The  flux  was  still  only  pasty.  Five-tenths  pound  of  buttons  was  re- 
covered from  the  slag,  giving  a  combined  primary  or  ingot  yield  of 
64.5  per  cent  and  a  total  yield  of  67.5  per  cent  on  the  basis  of  chips 
charged. 

The  furnace  was  then  cleaned,  and  a  run  made  on  a  chaise  of  37 
pounds  of  ingot.  Starting  with  a  cold  furnace,  it  took  52  minutes' 
time  and  a  power  input  of  30  kilowatt-hours  to  heat  the  charge  to 
735®  C.  Twenty-five  pounds  more  of  ingot  was  then  added,  and  10 
more  kilowatt-hours  used  in  13  minutes.  The  charge  was  then  at 
870®  C,  or  hotter  than  is  needed  for  pouring  aluminum  castings.  Of 
course,  after  the  furnace  is  once  hot,  the  power  needed  to  melt  a  given 
charge  will  be  less  than  when  the  furnace  must  be  heated  also.  More- 
over, a  furnace  of  commercial  size  will  be  much  more  efficient  than  a 
small  laboratory  furnace.  Nevertheless,  the  power  required  for  the 
electric  melting  of  aluminum,  even  under  the  most  favorable  condi- 
tions, will  be  high.  In  this  heat,  which  was  started  with  a  cold  fur- 
nace, a  total  power  input  of  40  kilowatt-hours  was  required  to  heat 
62  pounds  of  aluminum  to  870°  C,  and  10  kilowatt-hours  to  melt  25 
pounds  and  raise  it  to  870°  C,  and  also  to  raise  the  first  37  pounds 
from  735°  to  870°  0.    This  furnace,  started  cold,  has  melted  125 
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pounds  of  red  brass  ingot  and  heated  it  to  1,150°  C.  with  40  kilowatt- 
hourS;  and  after  the  furnace  was  hot  19  kilowatt-hours  has  melted 
and  heated  to  1,200°  C.  130  pounds  of  red  brass  ingot. 

That  is,  it  took  about  twice  as  much  power  per  pound  to  heat  the 
aluminum  to  its  pouring  temperature  as  it  did  to  heat  red  brass  to 
its  pouring  temperature.  This  is  in  accord  with  theory.  Richards  " 
has  calculated  that  theoretically  about  278  heat  units  are  required  to 
heat  aluminum  to  about  710°  C,  whereas  only  about  130  heat  units  are 
required  to  heat  brass  or  bronze  to  about  1,050°  C.  The  diflFerence  is 
due  to  the  extremely  high  heat  of  fusion  of  aluminum,  the  relative 
heats  of  fusion  being  as  follows:  Aluminum,  100;  copper,  43;  zinc, 
23;  tin,  14;  and  lead,  4.  This  high  heat  of  fusion  overbalances  the 
higher  temperatures  needed  for  brass  and  bronze. 

Only  in  exceptional  circumstances  can  electric  furnaces  compete 
with  fuel-fired  furnaces  in  melting  brass,  unless  the  alloy  is  one  on 
which  the  use  of  an  electric  furnace  can  reduce  the  zinc  loss,  because 
of  the  high  cost  of  electric  power  compared  to  fuel.  Therefore  it  is 
evident  that  there  is  Uttle  hope  of  the  electric  furnace  being  able  to 
compete  with  the  oil-fired,  iron-pot  furnace  in  melting  ingot  aluminum, 
as  ingot  can  be  melted  in  pot  furnaces  with  a  loss  of  only  one-third  of 
1  per  cent,  and  there  is  no  such  margin  for  metal  saving  as  in  the  case 
of  brasses  high  in  zinc. 

When  a  large  proportion  of  flux  is  to  be  melted,  as  in  the  fluxing 
method  for  aluminum  chips,  still  more  power  will  be  required  than  in 
the  melting  of  aluminum  ingot.  In  the  experimental  furnace,  and  in 
most  tilting  electric  furnaces,  it  is  inconvenient  or  impossible  to  press 
the  charge  of  chips  and  flux  down  into  a  compact  mass,  as  is  done  in 
crucible  melting.  It  is  well  known  ^  that  at  temperatures  below  a 
red  heat,  a  porous  mass  with  inclosed  air  spaces  is  a  good  heat  insu- 
lator and  a  poor  heat  conductor,  so  that  notwithstanding  the  high 
heat  conductivity  of  aluminum  a  mass  of  chips  does  not  conduct  heat 
very  rapidly.  Thus,  if  the  layer  of  loose  chips  on  the  furnace  hearth 
is  thick,  the  top  part  of  the  layer,  being  nearest  the  arc,  may  be 
seriously  overheated  before  the  bottom  part  is  hot  enough  to  melt. 
From  the  salt  fumes  coming  from  the  arc  furnace  when  pouring,  it 
appears  probable  that  much  salt  is  volatilized  from  the  top  of  the 
layer,  and  that  the  chips  on  the  top  of  the  bath  fail  to  coalesce  and  are 
so  hot  that  they  oxidize  as  soon  as  the  furnace  is  opened  to  charge  or  to 
pour,  and  air  enters.  Hence  much  more  flux  is  necessary  than  where 
the  borings  can  be  jammed  down  into  a  crucible,  although  in  crucible 
melting  with  flux  the  constant  stirring  necessary  in  the  puddhng 
process  is  not  required. 

a  Richards,  J.  W.,  Electric  power  required  to  melt  metals :  Trans.  Am.  Brass  Fomiders'  Assn.,  toI.4, 
1910,  p.  98. 

b  Ray,  W.  T.,  and  Krelsinger,  H.,  The  flow  ol  heat  through  Aimaoe  walls:  Boll.  8,  Boreaa  of  llinis, 
1911,33  pp. 
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In  an  &rc  furnace  the  main  source  of  heat  is  the  arc  itself,  although 
some  heat  is  of  course  reflected  from  the  roof.  As  the  arc  is  much 
hotter  and  much  smaller  than  a  flame,  there  is  more  danger  of  local 
oyerheating  at  the  surface  of  the  charge  in  an  arc  furnace  than  in  a 
reverberatory  furnace,  where  a  sheet  of  flame  covers  the  whole  charge. 
An  uncompacted  mass  of  chips  and  flux,  even  at  900°  C,  is  so  viscous 
that  rocking  the  arc  furnace  back  and  forth  fails  to  stir  the  mass 
enough  to  mix  it  and  prevent  local  overheating. 

Hence,  although  there  is  a  possibihty  that  in  a  suitably  lined 
electric  furnace,  where  the  lining  is  not  attacked  by  the  flux  (linings 
of  magnesite  brick  or  mixtures  of  graphite  and  fire  clay  might  perhaps 
serve)  aluminum  borings  could  be  melted  on  a  larger  scale  than  in 
iron  pots  or  crucibles,  the  reduction  in  labor  cost  would  probably  be 
more  tha^  offset  by  the  higher  cost  for  power  as  compared  with  the 
cost  for  fuel  in  ordinarjr  types  of  furnaces. 

BZFERIMBNT  WFTH  OBAPHTTE   ORUCIBLB   UNINO. 

Another  run  was  made  to  determine  whether  the  indirect  arc 
furnace  would  give  satisfactory  results  with  a  better  lining,  as  regards 
losses,  without  using  so  much  flux  as  in  nm  94.  It  was  thought  that 
the  lining  that  had  crumbled  off  had  acted  Uke  so  much  dirt  in  the 
chips  and  required  excessive  amounts  of  flux. 

As  neither  magnesite  brick  nor  graphite  and  fire  clay  mixture  was 
at  hand,  a  No.  60  crucible  was  used  as  a  lining  for  the  furnace.  A 
hole  for  the  passage  of  the  electrode  was  cut  in  the  bottom  of  the 
crucible,  and  a  hole  for  the  charging  door  and  pouring  spout  was  cut  in 
the  side.  The  crucible  was  placed  horizontally  inside  the  furnace 
and  fire  day  was  packed  between  the  crucible  and  the  former  fur- 
nace lining  and  the  hearth  at  the  mouth  end  of  the  crucible,  the  pack- 
ing being  completed  with  a  mixture  of  ground  crucibles  and  enough 
fire  clay  for  a  bond.  This  reduced  the  capacity  of  the  furnace  very 
greatly. 

Run  No,  96. — ^After  the  furnace  had  been  preheated  with  a  power 
consumption  of  12  kilowatt-hours,  about  two-thirds  of  a  charge  of  8 
poimds  of  chips  mixed  with  2.4  pounds  of  flux  consisting  of  85 
parts  NaCl  and  15  parts  CaF,  was  added.  After  15  minutes,  when 
8  more  kilowatt-hoiu^  had  been  used,  the  other  third  was  charged, 
and  after  heating  5  minutes  longer,  3  kilowatt-hours  being  used,  the 
chaige  was  at  975**  C.  The  flux  was  only  pasty  and  some  thermit- 
like action  was  noted  on  top  of  the  charge.  Three  and  seventy-five 
hundredths  pounds  ingot  and  1.25  poimds  buttons  were  obtained,  or 
a  primary  yield  of  47  per  cent,  and  a  total  yield  of  62.5  per  cent,  on 
the  basis  of  chips  charged.  As  the  crucible  used  as  lining  was  not 
attacked  and  the  result  of  this  nm  was  poor,  the  poor  results  of 
previous  runs  were  evidently  not  mainly  due  to  the  crumbling  of  the 
lining. 
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Although  run  94  indicated  that  with  a  sufficient  amount  of  flux, 
electric  melting  in  an  indirect  arc  furnace  might  be  possible,  it  seemed 
very  unlikely  that  it  would  be  commercially  profitable  and  experi- 
ments with  the  indirect  arc  furnace  were  discontinued. 

EXPERIMENTS   WITH  CRUCIBLE,  RESISTOR  FURNACE. 

As  lot  D  was  from  chips  on  which  the  commercial  recovery  was 
known  to  be  77  per  cent  on  the  weight  of  the  chips,  it  was  decided  to 
make  a  few  crucible  melts  to  compare  the  experimental  results  with 
the  commercial  ones. 

For  these  melts  a  No.  10  crucible  was  embedded  in  the  granular 
graphite  resistor  of  an  electric  resistor  furnace,  the  crucible  being 
token  out  for  pouring. 

Run  No.  97. — ^The  crucible  was  first  heated  to  dull  rejjness,  then 
small  amoimts  of  borings  were  added  from  time  to  time  and  puddled, 
care  being  taken  not  to  let  the  temperature  rise  appreciably  above 
the  melting  point.  It  took  10  minutes  thus  to  work  in  3  pounds  of 
borings.  Then  the  crucible  was  covered  and  heated  3  minutes  more, 
when  2  per  cent  of  fused  ZnCl,  was  stirred  in,  the  dross  skimmed  into 
water,  and  the  metal  poured.  The  dross  showed  a  httle  thermit- 
Uke  action.  Two  and  twenth-five  hundredths  pounds  ingot  and  0.5 
poimd  buttons  was  obtained,  or  a  primary  yield  of  75  per  cent  and 
a  total  yield  of  77  per  cent,  on  the  basis  of  the  weight  of  the  chips — 
that  is,  the  same  recovery  was  mad^  as  was  foimd  commercially. 

Run  No.  98. — Borax,  which  has  been  suggested  as  a  flux  for 
aluminum  chips,  not  having  been  previously  tried,  3  pounds  of 
chips  and  0.75  pound  of  pulverized  crystalline  borax,  equivalent  to 
about  0.4  pound  borax  glass,  were  mixed  together  and  most  of  the 
mixture  was  charged  into  the  cold  crucible.  The  furnace  was  then 
heated  and  after  16  minutes  the  rest  of  the  charge  was  added  and  the 
whole  poked  continually  as  it  melted  down,  to  approximate  condi- 
tions in  the  puddUng  process.  After  7  minutes  more  the  charge  was 
heated  to  more  than  1,000°  C.  but  the  borax  flux  was  only  pasty, 
and  mostly  at  the  bottom  of  the  crucible.  The  ingot  recovery  was 
2.1  pounds  and  there  was  0.20  pound  of  buttons,  giving  a  primary 
yield  of  70  per  cent  and  a  total  yield  of  76.5  per  cent  on  the  basis  of 
chips  charged.     There  was  no  thermit-like  action. 

Run  No.  99. — ^As  it  seemed  possible  that  the  use  of  a  larger  amotmt 
of  borax,  with  the  addition  of  some  fluorspar,  might  give  a  more 
fluid  flux,  the  next  run  was  made  as  follows:  Three  pounds  of  chips 
mixed  with  1.2  pounds  of  pulverized  crystalline  borax  and  0.1 
pound  fluorspar  were  charged  into  the  hot  crucible.  In  16  minutes 
the  temperature  was  over  1,000®  C,  but  the  aluminum  was  all  on 
top  and  the  flux  all  on  the  bottom.  Only  1.3  pounds  ingot,  or  43 
per  cent  primary  recovery,  was  obtained.  The  mass  of  flux  in  the 
bottom  of  the  crucible  was  full  of  exceedingly  minute  globules  of 
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metal,  which  were  not  recovered.  Borax  is  evidently  too  heavy  to 
serve  as  a  good  flux. 

Run  No,  100. — Five  pounds  of  chips  was  mixed  with  1.5  pounds  of 
the  flux,  consisting  of  85  parts  NaCl  and  15  parts  CaF„  and  as  much 
as  possible  of  the  mixture  was  packed  into  the  cold  crucible.  After 
20  minutes  heating  the  rest  was  added,  and  after  a  total  of  49  minutes 
the  charge  was  at  950^  C.  The  flux  was  quite  fluid.  Three  and 
seventy-five  one-hundred ths  pounds  ingot  and  0.10  pound  of  buttons 
were  obtained,  or  a  primary  yield  of  75  per  cent  and  a  total  yield  of 
77  per  cent  on  the  basis  of  weight  of  chips  taken. 

Run  No.  101. — ^Five  pounds  of  chips  was  washed  10  minutes  with 
5  liters  of  0.6  per  cent  NaOH  solution,  which  Temoved  much  dirt, 
the  NaOH  was  washed  out,  and  the  chips  were  stored  under  water  4 
hours.  They  were  then  drained  of  water,  mixed  with  1.5  pounds  of  the 
flux,  consisting  of  85  parts  NaCl  and  15  parts  CaF,,  and  most  of  the 
damp  mixture  charged  into  the  warm  crucible.  No  oil  smoked  off, 
showing  that  it  had  been  removed  by  the  washing.  After  15  minutes 
the  rest  of  the  charge  was  added,  and  after  15  minutes  more  the 
temperature  was  975®  C.  The  slag  was  fluid.  Three  and  sixty-five 
one-hundredths  poimds  of  ingot  and  0.15  pound  of  buttons  were  ob- 
tained, or  a  primary  yield  of  73  per  cent  and  a  total  yield  of  76  per 
cent  on  the  basis  of  weight  of  chips.  There  was  a  slight  mechanical 
loss  in  washing  and  transferring  the  moist  chips. 

CONCLUSIONS   FROM   RESULTS   OF  TESTS. 

The  recoveries  with  the  puddling  method  and  the  salt-fluorspar 
flux  method,  the  latter  on  both  dirty  and  washed  chips,  were  prac- 
tically identical  and  the  same  as  the  commercial  recovery  on  these 
chips — ^that  is,  about  77  per  cent  on  the  weight  of  the  chips  and  87.5 
per  cent  on  the  metallic  content.  As  the  use  of  salt-fluorspar  flux 
had  given  better  results  on  previous  lots  of  chips  in  a  gas  furnace 
than  the  puddling  method,  it  seems  Ukely  that  the  previous  poorer 
results  of  the  puddling  method  may  have  been  largely  due  to  the 
fact  that  the  products  of  combustion  in  the  gas  furnace  were  con- 
tinually sweeping  over  the  metal  as  it  was  poked  in.  In  run  97 
there  were  no  products  of  combustion,  and  the  conditions  were  very 
like  those  in  the  iron-pot  furnace. 

It  appears  that,  as  puddling  can  not  be  done  efficiently  in  a  pit 
furnace,  the  use  of  salt-fluorspar  flux  is  the  most  promising  method 
of  melting  chips  in  pit  furnaces.  The  temperatures  required  in  the 
flux  method  are  too  high  for  the  iron-pot  furnace,  and  in  that  furnace 
the  puddling  method  is  preferable.  In  reverberatory  melting  the 
flux  method  is  probably  the  better. 

The  choice  of  the  three  methods — puddling  in  the  iron-pot  furnace, 
use  of  the  flux  in  pit  or  tilting  crucible  furnaces,  or  of  the  flux  in  a 
reverberatory  furnace — for  commercial  refining  can  not  be  decided  by 
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laboratory  tests.  Costs  of  fuel,  flux,  crucibles  or  iron  pots,  .furnace 
repair,  and  labor,  the  output  in  regard  to  floor  space  and  furnace 
cost,  the  yield  of  ingot,  the  quality  of  ingot,  the  ease  of  recovering 
buttons  from  slag  or  dross,  and  other  factors  must  all  be  taken  into 
account  in  making  a  choice.  It  seems  likely  that  for  very  clean 
chips  the  iron-pot  puddling  process  would  be  more  economical, 
whereas  for  very  dirty  chips  the  flux  methods,  whether  in  crucibles 
or  in  a  reverberatory  furnace,  would  apparently  have  a  slight 
advantage. 

QUALITY  OF  INGOT  FROM  ALUMINUM  CHIPS. 

Ingot  made  from  dirty  aluminum  borings  or  chips  is  neoessarily 
somewhat  less  pure  and  less  desirable  than  virgin  metal.  One 
would  hesitate  to  use  aU  boring  ingot  in  important  castings.  How- 
ever, in  small  castings,  such  as  are  molded  on  the  bench,  if  they  do 
not  have  to  stand  a  pressure  test,  10  per  cent  of  good  boring  ingot 
can  usually  be  added  to  90  per  cent  of  new  metal  and  back  gates 
without  increase  in  the  proportion  of  defective  castings  and  without 
detriment  to  the  quality  of  the  castings.  In  the  case  of  large  castings 
of  complicated  design,  it  is  a  moot  question  among  aluminum  founders 
whether  or  not  the  use  of  boring  ingot  increases  the  amount  of  cast- 
ings defective  through  cracking  in  the  mold.  In  some  cases  which 
have  come  to  the  attention  of  the  writers,  boring  ingot  has  given 
very  low  "hot  shortness''  tests,  which  would  indicate  a  liability 
toward  cracking  in  the  mold.  On  the  other  hand,  some  foundry  men 
have  claimed  that  certain  boring  ingot,  used  in  quantities  even  up 
to  30  per  cent  of  the  weight  of  the  charge,  markedly  decreases  the 
loss  from  cracking,  although  other  ingot  of  practically  the  same 
composition  markedly  increases  it.  The  matter  is  a  difficult  one 
to  settle,  as  so  many  factors,  such  as  the  relative  hardness  or  softness 
of  the  cores,  the  ramming  of  the  mold,  the  temper  of  the  sand,  the 
design  of  the  casting,  the  gating,  and  the  temperature  at  which  the 
metal  is  poured,  may  all  have  as  much  or  more  effect  on  the  tendency 
to  crack  as  has  the  composition  of  the  metal.  In  fact,  the  analysis 
of  the  metal  gives  no  real  criterion  as  to  its  tendency  to  crack. 

However,  it  is  true  that  some  metal  does  crack  worse  than  other 
metal  of  the  same  composition.  Some  unpublished  results  of  work 
by  H.  Goldberg  have  indicated  that  metal  melted  under  conditions 
where  waste  gases  from  a  strongly  oxidizing  flame  may  reach  it  is 
more  likely  to  crack  than  wo\Ud  the  same  metal  if  melted  under  reduc- 
ing conditions. 

Although  boring  ingot  does  not  command  the  price  of  new  metal, 
a  boring  ingot  not  too  high  in  impurities  flnds  a  ready  market  at  a 
price  not  much  below  that  of  new  metal,  and  this  is  the  best  indication 
that  there  are  plenty  of  castings  in  which  boring  ingot  may  be 
satisfactorily  used. 
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On  the  other  hand,  there  has  been  some  boring  ingot  on  the  market, 
oTidently  made  from  a  miscellaneous  mixture  of  aluminum,  babbitt, 
and  other  white  metal  and  brass  and  bronze  chips,  which  resembles 
aluminum  only  in  its  color,  and  which  is  of  very  little  value  to  the 
founder.  For  example,  two  samples  of  metal  offered  for  sale  by 
one  smelting  company  were  analyzed  by  the  foundry  buying  them, 
with  the  following  results: 

Compontion  of  boring  iriffot  mads  from  various  aUoys. 

Bampla  A.  Samplt  B. 

Copper percent..  17.4  15.8 

Zinc 1 do....  a  4  a? 

Iron ..do....  1.8  2.0 

Silicon do....  2.4  2.8 

Manganese do....  0.5  Trace. 

Aluminum do....  69.6  73.2 

Samples  of  boring  ingot  from  another  company,  sold  as  G.  M.  B. 
(good  merchantable  brand)  metal,  not  as  any  standard  alloy,  analyzed 
by  the  buyer,  gave  results  as  follows: 

Composition  ofO.  M.  B,  metal. 


Sample  No. 

Copper. 

Zinc. 

Iron. 

Silicon. 

Lead. 

Tin. 

Alnmlnnm. 

c 

PereenL 
A.4 
ft.8 
7.5 

Percent. 

26.0 

6.0 

A.6 

Percent. 
1.0 
0.7 
0.8 

Percent. 
0.3 
0.2 
0l4 

Percent. 
1.0 
1.3 
2.0 

Percent. 
1.8 
0.6 
1.0 

Percent. 
64.1 

D 

84.4 

B 

83.7 

Another  sample  (F)  from  this  firm,  sold  as  No.  12  boring  ingot, 
analyzed  by  the  buyer,  contained  7.2  per  cent  copper,  3.9  per  cent 
zinc,  1.5  per  cent  iron,  0.4  per  cent  silicon,  no  lead  nor  tin,  and  87 
per  cent  aluminum. 

Samples  of  boring  ingot  from  a  Uiird  company  (all  sold  on  the 
seller's  analysis),  melted  in  crucibles  in  coke  fires  with  NH^d  flux, 
had  the  following  compositions: 

Composition  of  boring  ingot  malted  in  crucible  cohefumcux  with  NH^Clfluz. 


Sample  Ko. 

Copper. 

Zinc. 

Iran. 

Silicon. 

Manganese. 

Alnraintiin. 

0 

Percent. 
4.2 
8.9 
7.8 
7.7 
&8 
9.4 
7.7 
9.7 

Percent. 
2.5 
12.1 
4.3 
0.3 
0.75 
1.0 
0.3 

a7 

Percent. 
9.3 
8.0 
1.6 
X8 
XO 
1.3 
2.8 
1.1 

Percent. 
0.6 
0.5 
0.4 
1.0 
1.0 
0.3 
1.9 
1.0 

Percent. 
1.2 
0.15 

PereenL 
82.2 

H 

80  35 

1 

86.5 

J 

87  8 

K 

87  45 

L 

88.0 

IC 

87  3 

N 

87  5 
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Three  samples  taken  from  various  parts  of  a  quantity  of  boring 
ingot  offered  for  sale  by  a  fourth  company,  and  analyzed  by  the 
buyer,  had  the  following  composition: 

Composition  of  three  samples  of  boring  ingot. 


• 

Sample  No. 

Copper. 

Zinr. 

Iroii. 

SiUcon. 

Aluminum. 

o 

Percent. 
7.9 
7.8 
7.9 

Percent. 
2.0 
0.4 
2.0 

Percent. 
0.6 
.7 
.7 

Percent. 
0.4 

:4 

.4 

Percent. 
89.1 

p " 

90.7 

Q 

89.0 

The  results  of  buyers'  analyses  of  various  lots  of  No.  12  boring 
ingot  sold  by  a  firm  using  the  iron  pot,  ZnCl,,  puddling  process,  were 
as  follows: 

Composition  of  No.  12  boring  ingot. 


Sample  No. 

Copper. 

Zinc. 

Iron. 

Silicon. 

Aluminum. 

R 

Percent. 

7.2 

7.6 

>»    7.6 

6.6 

Percent. 
1.6 
1.0 
1.5 
L6 

Percent. 
1.3 
1.3 
1.6 
1.3 

Percent. 

0.2 

.3 

.2 

.2 

PeroenL 
89.8 

8 

89.9 

T 

80.2 

U 

90.4 

Still  another  refining  plant,  using  a  reverberatory  furnace  and 
deaUng  with  a  mixture  of  No.  12  chips  and  emery  grindings,  has  sold 
No.  12  boring  ingot  of  the  following  composition,  according  to  the 
buyer's  analysis: 

Composition  of  ingot  from  No.  It  chips  and  emery  grindings. 


Sample  No. 

Copper. 

Zinc. 

Iron. 

S11vH>n. 

Alnmlnnm. 

V 

Per  cent. 
7.3 
8.6 
8.8 
9.6 
9.9 

Percent. 
2.4 
0.4 
0.8 
0.9 
1.0 

Percent. 
1.3 
1.1 
1.4 
1.0 
1.1 

Percent. 
0.2 
.2 
.4 
.4 
.3 

Percent. 
88.8 

W 

89.7 

X 

88.6 

Y 

88.1 

Z 

87.7 

The  No.  12  alloy,  made  up  from  new  metals,  to  contain  8  per  cent  cop- 
per, or  purchased  in  market  ingot  made  up  from  new  metals,  will 
analyze  about  7.6  to  8.4  per  cent  copper,  no  zinc,  0.5  to  0.7  per  cent 
iron,  0.25  to  0.4  per  cent  silicon,  91.65  to  90.5  per  cent  aluminum. 

When  melting  in  iron  pots,  about  0.2  per  cent  of  iron  is  taken  up 
from  pots,  ladles,  and  skimmers  and  about  0.05  per  cent  silicon  from 
sand  adhering  to  gates,  making  the  average  composition  of  the  No.  12 
castings  sold  7.6  to  8.4  per  cent  copper,  no  zinc,  0.7  to  0.9  per  cent 
iron,  0.30  to  0.45  per  cent  silicon,  and  91.4  to  90.25  per  cent  alumi- 
num. This  alloy  comprises  90  to  95  per  cent  of  all  cast  aluminum 
made  in  the  United  States. 
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EFFECT  OF  IMFUBITIES. 

The  purity,  or  impurity,  of  boring  ingot  depends  (1)  on  the  purity 
of  the  castings  from  which  the  borings  are  made,  (2)  on  the  freedom 
of  the  borings  from  white  metal,  babbitt,  or  brass,  (3)  on  their  free- 
dom from  iron  and  on  the  efficiency  of  the  magnetic  separation,  (4) 
on  the  presence  or  absence  of  dirt  from  which  metals  may  be  reduced* 
and  (5)  on  the  nature  of  the  melting  process  and  the  temperature 
attained. 

White  metal,  babbitt,  brass,  or  bronze  borings,  if  present,  can  not 
be  efficiently  separated  from  the  aluminum  borings  and  go  into  the 
melt.  Copper^  zinc,  lead,  tin,  and  antimony  may  come  from  these 
sources. 

COPPER. 

Of  these  metals  copper  is  present  not  only  in  the  No  12  alloy,  but 
also  in  nearly  all  of  the  zinc-containing  alloys,  and  its  only  bad  effect 
would  be  to  raise  the  copper  content  too  high. 

ZINC. 

Zinc  in  No.  12  castings  is  frowned  on  by  many  purchasers,  even  if 
present  only  to  the  extent  of  a  trace  to  less  than  one-half  of  1  per  cent, 
in  some  cases  because  it  is  known  that  zinc  can  not  occur  in  No.  12 
metal  made  wholly  from  virgin  metal,  but  more  often  because  a 
belief  that  the  alloys  of  aluminum  high  in  zinc  give  castings  wliich 
may  break  in  use  under  repeated  shock  is  extended  to  the  No.  12 
alloy  with  but  traces  of  zinc.  This  idea  is  prevalent  in  some  sections 
of  the  country,  whereas  in  other  sections  the  zinc-containing  alloys 
are  much  used.  Alloys,  such  as  the  market  "No.  31,"  containing 
about  3  per  cent  copper,  15  per  cent  zinc,  0.5  per  cent  manganese, 
81.5  per  cent  aluminum,  or  a  similar  one  containing  2  per  cent  cop- 
per, 19  per  cent  zinc,  and  79  per  cent  aluminum,  are  stronger  under 
tension  or  compression  per  unit  weight  than  the  No.  12  alloy,  and, 
at  normal  prices  for  zinc,  are  cheaper  per  imit  of  weight  or  of  volume. 
It  does  not  appear  to  be  satisfactorily  proved  that  perfectly  sound 
castings  of  these  alloys  are  more  likely  to  fail  under  repeated  stress 
than  the  "No.  12  alloy,  as  an  alloy  cont^ning  19  per  cent  zinc  has  been 
satisfactorily  used  in  one  high-grade  American  automobile,  and  zinc- 
aluminum  allo3rs,  somewhat  lower  in  zinc  content,  are  used  in  Euro- 
pean automobile  plant  practice  almost  to  the  exclusion  of  the  No.  12 
alloy,  whereas  the  reverse  is  the  case  in  the  United  States.  It  is 
claimed  that  because  of  the  rougher  roads  in  America  the  stresses  a 
motor-car  crank  case,  for  example,  has  to  endure  are  worse  than  in 
Europe,  and  that  the  zinc-containing  aluminum  dlloys  would  not 
stand  up  as  well  as  the  No.  12  alloy  under  the  more  severe  conditions 
in  America.     It  is  probable  that  the  relative  life  of  the  crank  cases 
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and  other  castings  on  the  American  and  European  motor  cars  and 
trucks  in  the  European  war  will  furnish  some  definite  proof  on  this 
point. 

It  is  true  that  it  is  more  difficult  to  make  complicated  castings  of 
zinc-containing  alloys  than  of  No.  12  alloy  without  having  trouble 
from  cracking  in  the  mold^  and  that  if  castings  with  tiny  cracks  in 
them  that  have  been  undetected  through  lax  inspection  are  put  in 
service,  failures  are  likely  to  result.  But  it  is  quite  possible  to  make 
distinctly  complicated  castings  of  the  zinc-containing  alloys  without 
defects  if  proper  foundry  practice  is  used. 

Rosenhain  and  Archbutt  *  have  made  endurance  tests  of  various 
aliuniniun  alloys  and  do  not  find  that  the  zinc-containing  alloys  are 
liable  to  fail  under  repeated  shock.  They  indeed  advocate  the  use 
of  an  alloy  consisting  of  20  per  cent  zinc  and  80  per  cent  aluminum, 
or  one  containing  3  per  cent  copper,  26  per  cent  zinc,  and  72  per  cent 
aluminum,  rather  than  those  lower  in  zinc  content,  on  account  of  the 
greater  strength  per  unit  weights 

A  mixture  of  aluminum  borings  from  various  sources  in  the  United 
States  will  consist  mostly  of  No.  12  aUoy,  but  may  also  contain  some 
borings  from  alloys  containing  10  to  30  per  cent  zinc,  consequently  the 
ingot  from  such  mixed  borings  may  contain  zinc  in  varying  amounts, 
as  is  shown  by  the  analyses  previpusly  given. 

As  zinc  volatiUzes  quite  readily  from  aluminum  alloys  at  the 
temperatures  necessary  in  melting  chips,  some  of  the  zinc  content 
of  aUoys  high  in  zinc  will  be  lost  in  melting.  A  few  himdredths 
of  a  per  cent  of  zinc  in  No.  12  alloy  might  come  from  the  taking 
up  of  zinc  from  ZnCl,  used  as  a  flux,  whereas  a  few  tenths  of  a  per 
cent  or  more  of  zinc  indicates  that  some  scrap,  or  else  No.  12  ingot 
made  in  part  from  scrap,  has  been  used.  There  is  no  satisfactory 
evidence  to  show  that  a  zinc  content  up  to  0.5  per  cent  at  least  in 
No.  12  alloy  is  any  detriment  to  the  strength  or  endurance  of  the 
castings.  As  the  presence  of  zinc  indicates  the  presence  of  scrap 
and  presumably  of  boring  ingot  which  may,  imder  conditions  not 
clearly  understood,  give  rise  to  the  cracking  of  castings  in  the 
mold  or  to  other  foundry  defects,  some  progressive  founders  are 
using  virgin  pure  aluminum  and  copper  and  preparing  "their  own 
No.  12  alloy  instead  of  purchasing  the  prepared  alloy,  and  are  using 
analyzed  boring  ingot  in  varying  proportions,  or  leaving  it  out 
altogether,  according  to  the  habihty  of  the  individual  casting  that 
is  to  be  poured  from  the  metal  to  the  troubles  which  boring  ingot 
sometimes  causes.  With  such  rational  utihzation  of  boring  ingot 
it  finds  a  legitimate  use  in  the  foimdry. 

•  Rosenhain,  W.,  and  Aiohbutt,  S.  L.,  Alloys  of  aluminum  and  zinc:  Engineering,  vol.  93, 1912,  p.  679. 
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LEAD. 

Lead  is  not  a  desirable  constituent  in  aluminum  alloys,  as  it  does 
not  alloy  with  aluminum,  but  is  merely  inclosed  in  smaU  globules. 
The  lead,  on  accoimt  of  its  high  specific  gravity,  will  tend  to  collect 
at  the  bottom  of  the  casting,  and  any  appreciable  amount  tends  to 
weaken  the  aUoy.  Such  boring  ingot  as  that  shown  by  analyses 
C,  D,  and  E  is  of  poor  quaUty  on  account  of  the  lead  content. 

TIN. 

Tin  is  to  be  classed  as  a  less  harmful  impurity.  It  tends  to  soften 
the  alloy  without  noticeably  affecting  the  strength.  A  small  pro* 
ducer  of  high^ade  automobiles  has  used  an  alloy  containing  6 
per  cent  copper  and  3  per  cent  tin  without  any  apparent  disadvan- 
tage save  a  sUghtly  lower  strength.  Such  an  alloy  made  from  new 
metals  has  no  obvious  advantage  to  coimterbalance  the  high  cost 
of  the  tin,  but  a  few  tenths  of  a  per  cent  of  tin  is  not  to  be  feared 
in  boring  ingot,  save  that,  as  it  usually  comes  from  admixed  solder 
or  from  bronze  chips,  it  may  be  accompanied  by  lead. 

ANTIMONY. 

The  effect  of  antimony  on  aluminum  alloys  is  not  well  known. 
Its  occurrence  in  boring  ingot  would  indicate  admixture  of  babbitt 
with  the  chips. 

MANGANESE. 

Manganese  in  appreciable  proportion  would  indicate  that  the  ingot 
was  made  from  material  containing  more  or  less  hard  sheet  chppings. 
In  small  amount,  with  a  high  zinc  content,  for  example,  in  analysis 
H,  it  would  indicate  that  the  mixture  melted  contained  some  No.  31 
alloy  chips. 

In  percentages  up  to  say  0.2  per  cent,  manganese  is  not  a  detri- 
ment to  No.  12  alloy,  and  some  founders  think  that  0.1  or  0.2  per 
cent  is  distinctly  desirable,  although  manganese  is  seldom  inten- 
tionally added  to  No.  12  alloy,  its  source  being  some  form  of  scrap 

from  hard-sheet  aluminum. 

moN. 

Iron  is  the  main  impurity  in  boring  ingot  made  from  No.  12  chips 
and  comes  from  the  admixture  in  the  machine  shop  of  iron  or  steel 
chips  with  the  aluminum  chips.  Commercial  magnetic  separation 
of  iron  from  such  chips  may  leave,  especially  in  the  case  of  very 
oily  chips,  0.5  to  1.0  per  cent  of  free  iron  in  the  mass.  All  of  this 
free  iron  goes  into  solution  when  the  mass  is  melted.  Save  for  the 
free  iron,  no  increase  in  iron  content  would  be  shown  in  melting 
chips  in  crucibles  and  not  over  0.25  per  cent  increase  in  melting  in 
iron  pots  by  the  puddling  process. 
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INTERRELATED    EFFECTS    OF    IRON,    COPPER,    AND    ZINC. 

As  high  as  2  per  cent  of  iron  in  the  No.  12  alloy  would  probably 
give  too  brittle  an  alloy,  but  a  content  of  between  1  and  1.5  per  cent 
does  not  appear  to  have  a  notably  detrimental  effect.  If  the  iron 
content  rises  above  1  per  cent,  the  copper  content  should  be  cor- 
respondingly reduced  below  8  per  cent  in  order  to  prevent  brittle- 
ness,  as  iron  acts  much  like  copper  in  hardening  and  strengthening 
aluminum. 

Cast  No.  12  alloy,  unannealed,  consists  of  a  needlo-hke  CuAl,-Al 
eutectic  embedded  in  the  groimdmass  of  solid  solution  of  copper 
in  aluminum.  Iron  in  aluminum  causes  a  similar  needle-like  struc- 
ture in  a  groundmass  of  sohd  solution,  and  as  the  properties  of  tho 
No,  12  alloy  depend  largely  on  the  proportions  of  needles  and  ground- 
mass  too  high  an  iron  content  will  give  too  much  of  the  needle-like 
material.  If  zinc  be  added  to  the  No.  12  alloy,  more  of  the  needle- 
like eutectic  is  thrown  out  than  without  it,  so  that  in  tho  commer- 
cially useful  ternary  alloys  of  copper,  aluminum,  and  zinc  the  copper 
is  used  in  smaller  amount  as  the  zinc  is  used  in  larger  amoimt.  For 
example,  an  alloy  containing  7.5  per  cent  copper  and  1  per  cent  zinc 
has  about  the  same  tensile  strength  and  elongation  as  one  containing 
8  per  cent  copper.  •  With  20  per  cent  zinc  not  over  4  per  cent  copper 
and  with  30  per  cent  zinc  not  over  2  per  cent  copper  should  be  used, 
else  too  brittle  an  alloy  will  result. 

By  proper  reduction  in  the  copper  content  the  effect  of  high  iron 
content  and  of  a  Uttle  zinc,  introduced  by  the  use  of  some  boring 
ingot,  can  largely  be  neutraUzed,  and  the  resulting  alloy  will  still 
have  very  closely  the  properties  of  No.  12  alloy  as  regards  foundry 
behavior,  shrinkage,  and  tensUe  strength  and  elongation. 

SILICON. 

Silicon  is  generally  considered  to  be  an  undesirable  impurity  and, 
especially  if  in  the  form  of  graphitic  siUcon,  to  be  conducive  to  brittle- 
ness.  It  is  always  present  in  small  amount  in  commercial  aluminum, 
owing  to  the  difficulty  of  completely  freeing  from  siUca  the  bauxite 
used  in  its  manufacture. 

In  remelting  gates  to  which  molding  sand  adheres,  or  in  melting 
chips  that  contain  siliceous  dirt  some  silica  may  be  reduced  to  silicon 
which  alloys  with  the  aluminum  and  an  equivalent  amount  of  alumi- 
num is  oxidized  and  lost. 

This  reduction  of  silica  by  aluminum  is  not  marked  below  800°  C. 
and  even  when  melting  in  fire  clay  graphite  crucibles  only  a  very 
small  content  of  silicon  is  taken  up  if  the  temperature  is  kept  low. 
As  the  temperature  increases  reduction  takes  place  more  readily,  so 
that  at  the  temperatures  necessary  in  melting  chips  some  slight  in- 
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crease  in  silicon  content  is  to  be  expected  if  they  contain  siliceous 
dirt.  The  use  of  a  flux  that  will  dissolve  or  soak  up  the  dirt  and  so 
take  it  out  of  contact  with  the  metal  might  be  expected  to  decrease 
the  amount  of  silicon  taken  up  at  any  given  temperature. 

The  results  of  analyses  of  commercial  lots  of  boring  ingot  as  shown 
on  pages  73  and  74  give  no  information  as  to  the  relative  purity  of 
ingot  made  from  the  same  lot  of  chips  by  different  methods  of  melt- 
ing, as  any  such  differences  are  doubtless  overbalanced  by  variations 
in  the  purity  of  the  alloys  from  which  the  chips  were  taken  and  by 
variations  in  the  content  of  free  iron  and  dirt. 


COMPOSITION   OF  INGOT  FROM  ELECTRIC   FURNACE. 

Analyses  were  made  by  the  writers  of  the  ingot  obtained  in  the 
15-poimd  melts  of  chips  from  lot  B  in  the  electric  crucible  furnace,  in 
run  69  when  a  yield  of  58  per  cent  on  the  original  weight  of  the  borings 
was  obtained  with  sal  ammoniac  flux,  in  run  70  when  a  yield  of  71.5 
per  cent  on  the  original  weight  was  obtained  with  NaCl-CaFj  flux,  and 
in  run  83  when  a  yield  of  89  per  cent  was  obtained  with  the  NaCl-CaF, 
flux  on  the  fraction  over  14-mesh  in  size.  The  results  of  the  analy- 
ses were  as  follows: 

Composilion  of  ingot  from  melts  in  electric  furnace. 


Run  No. 

Copper. 

Iron. 

SUicon. 

Manganese. 

Zinc. 

Aluminum 

(by 
difference). 

09 
70 
83 

Percent. 
7.40 
7.39 
7.42 

Per  cent. 
1.87 
1.92 
1.25 

Percent. 
0.34 
.36 
.34 

Percent. 
Trace. 
Trace. 
Trace. 

Percent. 
None. 
None. 
None. 

Percent. 
90.39 
90.33 
90.99 

The  only  appreciable  difference  is  in  the  lower  iron  content  of  the 
fraction  over  14-mesh,  which  indicates  that  most  of  the  free  iron 
left  in  this  sample  after  commercial  magnetic  separation  was  under 
14-m6sh,  an  assumption  which  is  corroborated  by  visual  examina- 
tion. Notwithstanding  the  difference  of  13.5  per  cent  in  the  yields 
of  runs  69  and  70,  the  composition  of  the  ingot  obtained  is  identical. 
As  the  run  with  the  salt  and  fluorspar  flux  shows  no  appreciable  in- 
crease in  silicon  content  although  the  borings  contained  over  12  per 
cent  of  siliceous  dirt,  and  as,  unless  the  borings  are  melted  in  an  iron 
pot,  the  iron  content  can  not  be  greater  than  the  original  content  in 
the  alloy  from  which  the  chips  were  made  plus  the  free  iron  not 
removed  by  the  magnetic  separator,  the  criticism  that  the  high  tem- 
perature needed  to  make  this  flux  fluid  results  in  ingot  higher  in  im- 
purities than  by  other  methods  of  melting  does  not  seem  well  foimded. 
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NECESSITY   FOB  CARE   AND   CLEANLINESS   IN   COLLECTING   CHIPS. 

The  high  loss  in  melting  chips  caused  by  difficult  coalescence  and 
subsequent  oxidation  of  globules  entangled  in  the  dross,  and  the 
poor  quality  of  boring  ingot  are  due  primarily  to  lack  of  care  and 
cleanliness  in  the  collection  of  the  chips  in  the  machine  shop.  If 
the  aluminum  chips  are  kept  free  from  brass,  bronze,  solder,  white- 
metal,  or  iron  chips,  and  also  free  from  dust  and  floor  sweepings,  the 
only  foreign  material  in  them  will  be  the  cutting  oil  or  cutting  lubri- 
cant. By  promptly  centrifuging  the  chips  these  lubricants  can  be 
removed  and  recovered,  and  the  chips  left  in  a  better  condition  for 
melting.  If  chips  are  thus  collected  and  centrifuged  and  then  stored 
in  covered  receptacles  so  that  dust  can  not  settle  on  them,  clean 
chips  will  result. 

The  value  of  clean  chips  is  so  much  greater  than  that  of  dirty 
chips,  mixed  with  iron  chips,  that  the  slight  increase  in  cost  of 
careful  collection  over  that  of  collecting  by  sUpshod  methods  woidd 
be  many  times  repaid  and  on  the  large  amount  of  chips  produced  by 
even  a  comparatively  small  manufacturer  of  motor  cars  the  saving 
would  be  well  worth  while. 

As  at  least  two  methods  of  melting  chips  now  in  use  by  refiners, 
the  puddling  process  and  the  NaCl-CaF,  process,  will  give  a  recovery 
of  90  per  cent  or  higher  on  absolutely  clean  chips  and  produce  boring 
ingot  of  good  quality,  the  responsibility  for  the  waste  of  aluminum 
in  melting  chips,  which  is  large  in  the  aggregate,  rests  at  the  door  of 
the  machine  shop  that  permits  iron  and  dirt  to  get  into  the  chips, 
rather  than  at  the  door  of  the  foundry  or  refining  plant  that  attempts 
to  turn  the  chips  into  usable  ingot. 

Foundry  refuse,  such  as  buttons  recovered  from  skimmings  can 
not,  in  the  nature  of  the  material,  be  collected  free  from  foreign 
matter.  Hence  such  material,  as  well  as  carelessly  collected  chips, 
offers  difficulties  in  melting  owing  to  reluctance  of  the  globules 
formed  in  melting  to  coalesce. 

PROBABLE   RELATIVE   USEFULNESS    OF    DIFFERENT    MELTING 

METHODS. 

Of  the  methods  suggested  for  melting  aluminum  chips,  some  are 
of  doubtful  practicabiUty.  Feeding  the  chips  into  the  molten  elec- 
trolytic bath  used  for  producing  pure  aluminum  is  plainly  useless  in 
the  case  of  dirty  chips,  on  account  of  fouling  the  rather  expensive 
electrolyte.  The  method  is  not  well  imderstood  by  foimders  and 
refiners,  as  the  details  of  the  electrolytic  process  are  kept  secret  by 
the  producers  of  aluminum,  so  that  even  on  clean  chips  the  method 
would  be  of  use  only  to  those  producers. 
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Briquetting  involves  the  use  of  expensive  machinery,  and  although 
the  use  of  briquets  might  slightly  decrease  the  melting  loss,  would 
probably  materially  decrease  the  melting  time  and  fuel  cost,  and 
would  certainly  increase  the  ease  of  handling,  yet  it  is  likely  that  a 
briquetting  machine  of  the  type  necessary  to  produce  solid  briquets 
would  have  to  be  kept  in  constant  use  in  order  that  the  interest  on 
the  first  cost  should  not  eat  up  the  savings. 

Hence  briquetting  would  only  be  practiced  by  large  refiners  who 
have  laiqge  amounts  of  aluminum  chips  to  handle  or  have  other  uses 
for  such  apparatus.  Even  at  such  plants  the  question  whether  bri- 
quetting would  pay  is  not  yet  fully  answerable,  although  the  process 
deserves  serious  consideration. 

The  use  of  electric  furnaces,  vacuum  fxunaces,  retorting  furnaces, 
or  other  devices  which  merely  prevent  the  access  of  air  without  pro- 
yidmg  for  the  promotion  of  coalescence  by  stirring  seems  to  offer 
little  promise. 

The  method  so  often  advocated  of  pushing  the  borings  beneath  a 
heel  of  molten  metal  seems  to  owe  any  usefulness  it  may  have  to  the 
pushing  and  not  to  the  heel.  It  is  an  approach  to  the  puddling 
process,  which  seems  to  be  the  best  modification  of  the  scheme. 

In  the  iron-pot  puddling  process,  which  is  evidently  of  much  value 
on  clean  borings,  the  vital  points  are  to  keep  the  temperature  veiy 
low,  practically  at  the  melting  point,  to  prevent  oxidation,  and 
constantly  stir  the  pasty  mass  to  promote  coalescence.  The  process 
requires  constant  hand  labor,  does  not  seem  as  useful  on  very  dirty 
borings,  and  could  hardly  be  applied  to  large  units. 

Possibly  some  mechanically  stirred  furnace,  or  one  in  which  pres* 
sure  was  constantly  applied,  analogous  to  the  Cdte  and  Pierron  sug- 
gestion or  to  the  Montefiore  method  for  melting  blue  powder,  could 
be  devised  that  would  have  the  advantages  of  the  puddling  process 
without  the  high  labor  cost,  but  no  such  apparatus  had  yet  been  put 
forth,  and  the  making  of  one  that  would  have  a  low  upkeep  cost 
presents  serious  difficulties. 

The  use  of  volatile  fluxes  such  as  sal  ammoniac  and  zinc  chloride 
is  of  advantage  at  the  end  of  the  puddUng  process,  but  melting  with 
these  fluxes  without  constant  stirring  gives  very  low  recoveries. 

The  use  of  fluxes  that  form  molten  covers  seems  to  be  of  real  advan- ' 
tage  only  when  rather  large  quantities  of  the  flux  are  used,  and  the 
promotion  of  coalescence  by  the  flux  soaking  up  dirt  and  oxide  seems 
to  be  of  more  importance  than  the  prevention  of  oxidation  by  exclu- 
sion of  air.  Although  fluxes  melting  at  or  below  the  melting  point 
of  aluminum  are  theoretically  preferable  to  those  of  higher  melting 
pomt,  it  is  difficult  to  find  such  low-melting  fluxes  chemically  inert 
to  aluminimi  without  using  mixtures  containing  materials  such  as 
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lithium  chloride  or  potassium  chloride^  the  first  of  which  is  very 
costly  and  the  second  relatively  so,  or  hygroscopic  materials  such 
as  calcium  or  magnesium  chlorides.  Common  salt,  the  cheapest 
flux  of  the  molten-cover  type,  seemingly  gives  the  best  results,  when 
the  cost  and  convenience  of  the  flux  is  considered.  Still  better  are 
fluxes  that  have  a  real  solvent  action  on  aluminum  oxide  and  on 
dirt  in  general,  such  as  the  mixtures  of  alkali  chlorides  and  fluorides. 
With  such  fluxes  better  absolute  recoveries  could  probably  be 
obtained  by  using  very  low  melting  mixtures,  but  as  lai^e  amounts 
of  these  fluxes  are  necessary  their  cost  is  prohibitive,  and  the  cheap 
flux  consisting  of  85  parts  common  salt  and  15  parts  fluorspar,  used  in 
large  amounts,  20  to  30  per  cent  of  the  weight  of  the  chips,  mixed 
with  the  chips  before  charging,  and  the  whole  heated  in  crucibles  till 
the  flux  is  fairly  fluid,  seems  the  most  useful.  On  clean  borings  it 
would  probably  not  give  higher  results  than  the  iron-pot  puddling 
process,  but  it  may  be  preferable  even  then  as  constant  stirring  is  not 
required,  and  thus  the  labor  cost  would  be  less,  and  because  it  might 
make  large-scale  reverberatory  melting  feasible.  The  experiments  on 
reverberatory  melting  indicated  this  possibiUty  but  were  on  too  small 
a  scale  to  be  conclusive.  If  chips  must  be  melted  in  pit  fires,  the 
flux  method  is  the  most  suitable;  if  iron-pot  furnaces  are  to  be  used, 
the  puddling  process  is  the  better. 

There  is  also  a  possibility  that  dirty  borings  washed  with  dilute 
caustic  soda,  subjected  to  wet  concentration,  as  on  Wilfley  tables, 
and  then  dried  by  centrifuging,  would  yield  a  clean  product  on  which 
the  melting  loss  would  be  low.  Lack  of  suitable  apparatus  made  the 
actual  experiments  inconclusive,  but  the  scheme  seems  worthy  of  a 
trial  on  a  commercial  scale. 

However,  if  the  machine  shops  producing  aluminum  chips  would 
keep  the  borings  clean  and  free  from  contamination,  it  would  not  be 
necessary  to  go  to  the  expense  of  removing  foreign  matter. 
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OPERATING  DETAILS  OF  PRODUCER-GAS  INSTALLATIONS. 


By  R.  H.  Febnald. 


DiTTBODXrCTION. 

In  1900,  as  far  as  available  records  show,  there  were  only  two 
producer-gas  power  installations  in  the  United  States. 

In  June,  1915,  the  nmnber  probably  exceeded  1,000.  Of  this 
number,  some  84.5  per  cent  comprised  smaU  plants  using  anthracite, 
and  only  about  15  per  cent  of  the  total  number  utilized  bituminous 
coal  and  lignite.  In  addition  to  these,  two  plants  used  wood,  and 
three  or  four  used  oil. 

In  the  main,  however,  the  larger  sized  imits  are  operating  on 
bitominous  coal  and  lignite. 

During  the  early  years  of  these  plants  little  success  was  anticipated 
from  the  use  of  bituminous  coals  and  lignites,  but  in  1904  and  1905 
it  was  fully  demonstrated  at  the  Government  testing  station  at  St. 
Louis  that  these  fuels  could  be  utilized  to  excellent  advantage.  How- 
ever, although  many  producer-gas  plants  in  daily  operation  are  using 
bituminous  coal  and  lignite,  many  power-plant  men  are  still  skeptical 
regarding  the  successful  conunercial  use  of  these  fuels. 

PBBSBNT  STATUS  OF  PBODXTOBB-GAS  PLAHTS. 

In  this  connection  the  author  can  offer  no  clearer  idea  of  the  present 
status  of  the  producer-gas  power  plant  than  is  presented  in  his  letter 
of  March  4,  1915,  to  the  prime  movers  committee  of  the  National 
Electric  light  Association  in  response  to  general  queries  from  the 
committee.    The  text  of  the  letter  follows: 

In  response  to  your  request  for  a  brief  summary  of  the  producer-f^as  situation, 
I  take  pleasure  in  submitting  herewith  a  brief  outline  of  some  of  the  more  Important 
phases  of  this  development  and  in  answering  the  queries  that  you  have  put  to  me. 

1.  Oerurdl  damfioation  of  gaa  producers. — Producers  for  power  purposes  can  be 
broadly  classified  as  (a)  up-draft,  (b)  down-draft,  (c)  double-zone. 

In  the  up-draft  plant  the  pressure  in  the  gas  generator  may  be  greater  or  less  than 
that  of  the  atmosphere.  If  it  is  greater  than  that  of  the  atmosphere,  the  plant  is  known 
as  an  up-draft  pressure  plant.  If  it  is  less  than  that  of  the  atmoepheroi  the  plant  is 
conunonly  called  an  up-draft  suction  plant,  although  this  reduction  of  pressure  in 
the  gas  generator  of  the  larger  plants  is  now  usually  produced  by  means  of  an  exhauster 
instead  of  by  the  suction  stroke  of  the  engine. 
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2.  ProdwtXTBfor  antkracUe  coal. — Little  difficulty  has  been  experienced  in  handling 
good  grades  of  anthracite  coal  in  gas  producers.  Occasionally  some  trouble  is  ex- 
perienced owing  to  the  character  of  the  ash  or  to  a  low  ash-fusing  temperature.  In  the 
main,  however,  this  fuel  has  been  found  satisfactory.  For  most  sections  of  the  country 
the  price  of  anthracite  is  relatively  too  high  to  warrant  its  use  in  plants  of  laige 
capacity.  It  is,  therefore,  largely  utilized  in  plants  not  exceeding  500  horsepower. 
As  far  as  I  know  little  has  been  done  in  this  country  with  gas  producers  for  the  utilizar 
tion  of  anthracite  screenings  or  material  from  the  culm  pile. 

Anthracite  coal  may  be  utilized  to  good  advantage  in  plants  of  either  the  up-draft 
or  the  down-draft  type.  Inasmuch  as  it  is  comparatively  free  from  tar,  anthracite  is 
commonly  used  in  the  up-draft  producer  of  either  the  suction  or  the  pressure  type. 
A  single  installation  of  4,000  horsepower  of  down-draft  producers  is  using  anthracite 
at  111.30  a  ton  in  preference  to  bituminous  coal  for  which  the  plant  was  designed. 
Although  the  company  owns  bituminous  mines,  it  places  a  value  of  |8  a  ton  on  its 
books  for  the  bitimiinous  coal.  On  this  basis  of  |8  a  ton  for  the  bituminous  coal  and 
111.30  a  ton  for  the  anthracite,  a  year's  operation  shows  financially  in  favor  of  the  an- 
thracite. Outside  of  two  or  three  installations,  the  individual  anthracite  plants  of  this 
country  do  not  exceed  a  few  himdred  horsepower. 

3.  Bituminoua  axU. — Satisfactory  gas  producers  have  been  designed  for  the  use  of 
both  bituminous  coals  and  lignites  of  good  quality.  There  is  comparatively  Uttle 
difficulty  in  handling  on  a  commercial  scale  such  plants,  provided  the  fuel  is  low  in 
ash,  has  a  fairly  high  ash-fusing  temperature,  and  does  not  give  serious  trouble  from 
caking  and  clinkering.  Unfortunately  these  restrictions  are  too  exacting  to  fit  our 
common  practice  in  the  United  States  with  low-priced  fuel.  The  European  situation, 
where  they  are  able  to  specify  rather  definitely  the  characteristics  of  the  coal,  is  very 
different. 

My  answer,  therefore,  to  your  query  as  to  whether  producers  have  been  successfully 
designed  for  the  use  of  bituminous  coals  and  lignites  is  "yes"  for  bituminous  coals 
and  lignites  of  high  grades. 

I  do  not  say  ''no"  for  oth^  grades  of  bituminous  coals  and  lignites,  but  I  realize 
that  low-grade  fuel,  high  in  ash  and  prone  to  clinker  troubles,  is  not  r^;arded  in  the 
majority  of  cases  as  worth  the  time  and  effort  required .  Bituminous  coals  and  lignites 
of  good  grade  may  be  successfully  used  in  the  up-draft  producer  if  adequate  equip- 
ment is  installed  for  scrubbing  the  gas  and  removing  the  tar,  in  the  down-draft  pro- 
ducer of  the  continuous  type,  and  in  the  double-zone  producer. 

The  largest  single  generator  in  the  United  States  with  which  I  am  fo^miH^r  is  one 
of  250  square  feet  of  fuel-bed  area,  bumii^  between  3,000  to  4,000a  pounds  of  lUinois 
bituminous  coal  per  hour.  I  see  no  reason  why  single-shell  producers  of  this  type 
should  not  be  built  four  times  this  capacity. 

4.  My  estimate  of  the  horsepower  capacity  of  gas  producers  installed  in  the  United 
States  for  power  purposes  is  as  follows: 

For  anthracite  coal: 

Plantsof  more  than  500  horsepower  rating,  horsepower 40,000 

Plants  of  less  than  500  horsepower  rating,  horsepower 05, 000 

For  bituminous  coal,  horsepower 130, 000 

For  lignite,  horsepower 15,000 

My  estimate  of  the  annual  fuel  consumption  of  these  plants  is,  roughly: 

Anthracite  coal,  short  tons 240, 000 

Bituminous  coal,  short  tons 400, 000 

Lignite  coal,  short  tons 60,000 

o  These  figures  were  reported  at  the  time  of  maldng  the  lustallatioiis.  The  latest  reports  (June,  1915) 
glT0  the  ftMl-bed  area  as  210  square  feet  and  the  average  ftiel  oonsmnptkai  as  3,750  pounds  per  hoar. 
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5.  &i  WBjpcfDBe  to  your  query  regarding  the  slow  progress  in  the  development  of  the 
MtnminoQfrKXMJ  producer,  I  name  the  following  as  among  the  reasans  that  immediately 
suggest  themaelves: 

(a)  Hie  low  price  of  our  fuels.  The  time  has  seemingly  not  yet  arrived  when  there  is 
sufficient  demand  for  reduced  operating  costs  to  warrant  the  investment  necessary 
for  the  prodnctioii  of  producer-gas  units  of  sufficient  size  to  seriously  compete  with 
the  efficient  steam-turbine  units  of  the  present  day. 

(6)  As  a  corollary  to  a,  the  cost  of  the  labor  involved  and  the  reduced  capacity  limit 
pfoducers  to  the  utilization  of  fuels  of  good  grade.  As  soon  as  the  cost  of  fuel  is  suffi- 
ciently hig^  to  warrant  the  use  of  high  ash,  low-grade  material  the  design  of  a  producer 
for  this  purpose  will  be  speedily  forthcoming. 

(e)  Additional  difficulties  are  satisfactory  gas  cleaning,  tar  removal  or  recovery, 
dimination  of  sulphur,  and  the  prevention  of  serious  clinkering.  All  of  these  diffi- 
cnhieB  can,  I  believe,  be  obviated. 

(i)  The  fact  that,  up  to  the  present  time,  no  gas  engine  has  been  developed  of 
soffident  size  to  enter  into  serious  competition  with  the  recent  steam-turbine  units 
of  90,000  kilowatt  and  35,000  kilowatt  capacity. 

PBODUCEB-OAS   PLANTS   IN  EUROPE. 

In  OQDsideting  the  many  phases  of  this  problem  you  will,  I  believe,  be  interested 
to  know  the  trend  of  European  producer-gas  practice  to-day.  I  therefore  append  a 
few  notes  gleaned  from  my  inspection  last  summer  in  the  interest  of  the  United  States 
Bureau  of  Mines. 

We  find  in  Europe  a  demand  for  a  gas  producer  to  handle  all  grades  of  fuel,  espedally 
those  grades  usually  sent  to  the  dump.  This  demand  has  broiight  to  the  European 
market  the  revolving,  eccentric-grate  producer.  Among  the  most  important  advan- 
tages claimed  for  these  producers  is  automatic  ash  removal.  Dependent  on  this 
primary  advantage  rest  the  following  claims  for  the  revolving  grate: 

1.  Low  labor  cost  for  handling  ashes. 

2.  More  imiiorm  and  more  complete  combustion. 

3.  Operation  for  months  without  interruption. 

4.  Ability  to  handle  much  more  fuel  per  square  foot  of  fuel-bed  area. 

5.  Less  Bpace  per  1,000  cubic  feet  of  gas  produced  or  per  horsepower  of  plant. 

6.  Freedom  from  dust  and  the  usual  excessive  heat  and  dirt  during  removal  of 


7.  Production  of  a  gas  of  nearly  uniform  quality. 

8.  Reduction  in  the  cost  of  upkeep. 

If  in  addition  to  rotating  the  grate  the  grate  be  placed  slightly  off  center,  a  feature 
is  introduced  that  is  probably  of  far  greater  value  in  handling  high-ash,  clinkering 
fuels  than  the  mere  rotation  of  the  grate. 

Experience  with  European  fuels  has  shown  that  even  with  the  eccentric  revolving 
grate  and  the  usual  producer  shell  construction  clinker  troubles  are  not  entirely 
eliminated  when  poor-grade  fuel  with  low  ash-fusing  temperature  is  used.  A  further 
important  feature— probably  the  most  important  single  item — ^for  overcoming  clinker- 
ing and  the  tendency  of  the  ash  to  fuse  with  the  producer  lining  is  the  water  jacketing 
of  tbe  part  of  the  producer  shell  surrounding  the  hot  zone. 

These  revolving  grate  producers  are  reported  to  gasify  two  to  three  times  as  much 
fuel  per  square  foot  of  fuel-bed  area  per  hour  as  can  be  gasified  in  corresponding  up- 
diaft  producers  with  fixed  grates. 

Claims  of  very  low  percentages  of  carbon  in  the  ash  are  also  made  for  this  type  of 
producer,  the  reported  record  for  one  installation  being  5  per  cent  carbon,  or  0.47 
per  cent  of  the  fuel  gasified. 
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The  claims  advanced  regarding  the  steam  requirements  for  clinkering  coals  used  in 
producer!^  with  water  jackets  around  the  hot  zone  are  to  the  effect  that  not  over  one- 
quarter  as  much  steam  is  required  as  in  the  jacketless  type  with  fixed  grate.  The 
figures  given  for  comparison  are  1  pound  of  steam  per  pound  of  fuel  for  the  fiixed- 
grate  jacketlesB  producer  and  0.29  pound  for  the  revolving  eccentric-grate  producer. 
Results  with  United  States  coals  in  fixed-grate  jacketless  producers  indicate  that  1 
pound  of  steam  per  pound  of  coal  is  rather  high  for  plants  of  good  size.  Seven-tenths 
of  a'  pound  is  nearer  the  figure,  although  there  are  undoubtedly  many  plants,  indif- 
ferently operated,  that  are  not  below  the  1-pound  rate. 

Representatives  of  companies  handling  eccentric  revolving-grate  producers  say 
that  they  handle  coal  containing  45  to  55  per  cent  ash  with  perfect  ease  and  are  satis- 
fied that  these  producers  can  meet  the  conditions  required  for  American  higji-«flh 
caking  coals. 

In  Europe  we  also  find  a  great  deal  of  attention  given  to  the  by-product  gas  plant. 
These  plants  are  not  of  a  few  horsepower  capacity,  but  the  installations  range  from 
5,000  to  30,000  horsepower.  One  company  alone  reports  the  installation  of  by-product 
recovery  producer-gas  plants  using  a  total  of  3,000  tons  of  fuel  per  day  and  aggregating 
approximately  300,000  horsepower.  The  capacity  and  purpose  of  a  few  of  the  laiger 
installations  are  as  follows: 

Capacity  and  jmrpoae  of  a  few  of  the  larger  European  producer-gae  plants. 


Imtalla- 
tionNo. 

Fuel 
capacity 
per  day. 

Purpose  of  plant. 

Installa- 
tion No. 

Fiiel 
capacity 
per  day. 

Purpose  of  plant. 

1 

3 
8 

4 

Tom. 
820 

270 
260 

ISO 

Recovery  of  by-products  from 
waste  fuels.  Oas  used  for 
firine  boilers  and  for  power. 

Central  distributing  station. 

Power  and  chenucal  pur- 
poses, calcining  ore,  etc. 

Special  plant  for  the  recovery 
of  by-products.  Gas  used 
for  firing  colliery  boilers. 

6 

6 
7 
8 
9 
10 

Tom. 
135 

126 
120 
120 
100 
100 

naces,  flre-day  kilns,  etc. 
Power  and  firing  caustic  pots. 
Evaporating  brine 
Power  and  obeinical  fomaoes. 
Firing  chrome  ftsnaoes. 
Cbemical  furnaces. 

The  majority  of  these  plants  are  used  for  power  development  and  gas  heating;  the 
recovery  of  by-products,  such  as  stdphate  of  ammonia,  tar,  etc.,  are  secondary  Actors 
in  the  operation  of  the  plant.  On  the  other  hand,  there  are  several  installations  in 
which  power  is  the  secondary  factor,  the  plant  being  run  primarily  for  the  valuable 
by-product,  sulphate  of  ammonia,  which  brings  a  commercial  return  of  |50  to  |60 
a  toK. 

A  few  plants  are  operated  for  the  by-products  alone.  In  certain  districts  in  which 
the  manufacturing  and  industrial  interests  do  not  offer  a  market  for  the  gas  the  so- 
called  "by-products"  become  the  main  products  and  the  true  by-product,  producer 
gas,  is  thrown  away.  This  condition  of  affairs  is  peculiarly  true  in  regions  in  which 
the  fuel  runs  high  in  nitrogen.  It  is  reported  that  an  extensive  plant  of  this  character 
is  soon  to  be  erected  in  Africa. 

-  Peat  seems  to  be  peculiarly  adapted  to  the  requirements  for  the  production  of 
sulphate  of  ammonia,  and  several  commercial  by-product  plants  using  this  fuel  are 
now  in  operation  in  Europe.  Among  these  are  two  plants  in  Italy  using,  respectively, 
140  and  90  tons  of  peat  per  day. 

One  of  the  most  interesting  plants  visited  last  summer  was  a  by-product  coke  plant, 
in  which  the  coke-oven  gas  was  the  main  product  and  the  coke  the  by-product,  com- 
bined with  a  by-product  producer-gas  plant.  The  coke-oven  gas  was  turned  into  the 
city  mains  for  general  use.    In  order  to  obtain  all  this  gas  for  sale  to  the  city,  a  distinct 
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central  producer-gas  plant  was  installed,  as  the  poorer  grade  gas,  which  was  not  avail- 
able for  general  city  use,  was  entirely  satisfactory  for  heating  the  coke  ovens.  The 
ofigmator  of  this  combined  method  says:  ''The  great  advantage  of  this  system  is  the 
JMct  that  coke  breese  and  low-grade  fuel  generally  can  be  used  in  the  producers  with- 
out kywering  the  efficiency  of  the  plant."  The  producer  plant  consistB  of  five  units, 
eadi  at  20  tons  capacity  a  day.  The  coke  from  the  ovens,  which  is  regarded  as  a  by- 
product, finds  a  ready  market  for  blast-furnace  work,  and  it  is  estimated  that  the  by- 
products from  the  producer  plant,  sulphate  of  ammonia  and  pitch,  practically  pay 
the  cost  of  operation  of  the  producer-gas  installation.  The  coal  used  in  the  producers 
is  doBble-acroened  nut  and  contains  no  dust.  It  is  a  fine-looking  coal  and  is  reported 
to  be  bigji  in  oOs. 

The  several  companies  manufacturing  by-product  gas  plants  believe  that  there  is  a 
lazge  field  for  such  plants  in  the  United  States  if  the  fuels  used  be  caiefnlly  selected. 
They  regard  our  caking  coals  as  bad  for  this  type  of  plant. 

SLAGOINO  OAB  PRODUCER. 

The  blast-furnace  type  or  slagging  gas  producer  has  appeared  at  regular  intervals  in 
Europe  and  investigations  along  this  line  have  also  been  conducted  in  this  country 
both  by  commercial  interests  and  the  United  States  Bureau  of  Mines.  In  spite  of  the 
many  claims  that  no  such  producer  can  operate  with  any  commercial  success,  we  find 
at  a  colliery  in  Deutsch-Luxembuig  a  wonderfully  interesting  installation  consisting 
of  four  slagging  producers.  These  producers  are  approximately  10  feet  in  internal 
diameter  and  gasify  60  tons  of  fuel  each  per  24-hour  day.  The  first  of  these  producers 
was  installed  about  two  years  ago  and  required  much  study  and  many  changes.  At 
the  present  time  [March  4, 1915]  these  producers  are  working  on  10  per  cent  ash  fuel, 
but  the  company  anticipates  utilizing  material  containing  20  to  SO  per  cent  ash. 
Several  different  companies  are  reported  to  be  using  these  slagging  producers,  and  the 
fact  that  this  type  of  producer  has  a  real  commercial  position  is  shown  by  the  catalogue 
of  one  of  the  large  producer  manufacturers  of  Germany,  which,  among  several  other 
danifications,  lists  its  producers  as — 

(1)  Producers  with  rotating  grates. 

(2)  Slagging  producers. 

(3)  Flat-grate  producers. 

(4)  Step-grate  producers. 

Considerable  interest  is  also  manifested  abroad  in  the  use  of  wood  refuse  and  similar 
material  in  gas  producers.  At  the  present  time,  however,  these  plants  are  of  small 
aixe. 

Hie  interest  of  engineers  in  Eiux>pe  is  also  more  or  less  centered  on  the  possibilities 
of  powdered  fuel  and  questions  relating  to  low-temperature  distillation.  The  prin- 
cipal purpose  of  this  latter  problem  is  to  procure  a  clean  smokeless  fuel  for  the  im- 
limited  number  of  fireplaces  and  at  the  same  time  to  recover  from  the  original  fuel 
large  ]>ercentages  of  oils,  motor  spirits,  and  ammonia. 

In  concluBion,  I  believe  that  the  time  is  not  distant  when  the  price  of  our  coals 
must  necessarily  materiaUy  increase.  When  this  time  does  come  we  will  look  much 
more  seriously  on  the  important  proftems  connected  with  our  fuel  conservation. 
We  will  find  it  imperative  to  use  high-ash  low-grade  fuels  which,  in  many  cases, 
win  have  a  low  ash  fusing  temperature.  Transportation  of  this  high  ash  material 
will  be  out  of  the  question  and  its  conversion  into  gas  at  the  mines  will  result.  Even 
though  large  gas  engines  are  not  forthcoming,  the  economic  use  of  grades  of  material 
that  can  not  be  utilized  directly  under  steam  boilers  will  warrant  large  installations 
for  the  production  of  producer  gas  and  its  use  for  steam  generation  for  large  turbo- 
generator unitB  with  long-distance  electric  transmission. 
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FBODXTGEB-GAS  PLANT  GOXPABBD  WITH  STEAK  TUBBZNB. 

The  steam  turbine  naturally  lent  itself  to  central-station  service. 
It  was  a  unit  easily  understood  by  steam-engine  operators  in  so  far 
as  practical  operation  is  concerned;  it  could  be  readily  erected  without 
radical  changes  in  the  boiler-room  equipment;  and  it  rapidly  met 
the  demand  for  large  central-station  units. 

The  producer-gas  plant  was  an  untried  factor;  it  met  with  strong 
opposition  from  the  older  steam-plant  operators,  who  saw  possi- 
bilities of  being  forced  out  of  their  positions;  its  installation  meant  a 
complete  renovation  of  the  entire  plant,  with  the  replacing  of  the 
steam  boiler  by  the  producer  unit.  Large  units  of  this  type  did  not 
materialize,  with  the  natural  result  that  even  to-day  the  producer- 
gas  power  plant  is  not  the  large  central-station  unit,  although  it 
occupies  a  strong  position  among  the  isolated  plants  and  the  small 
central  stations. 

Methods  of  operation  vary  greatly  with  local  conditions  and  espe- 
cially with  the  personal  inclination  or  opinion  of  the  plant  superin- 
tendent. This  variation  is,  perhaps,  perfectly  natural,  owing  to 
the  newness  of  producer-gas  power,  the  absence  of  experienced 
producer-gas  engineers,  the  absence  of  cooperation  among  the 
operators  of  these  independent  isolated  plants,  and  the  absence  of 
well-defined  commercial  investigations. 

With  this  lack  of  a  common  interest  on  the  part  of  the  owners  or 
operators  of  these  plants — an  interest  that  has  of  late  tended  to 
place  central-station  operation  on  somewhat  imiform  basis — ^no 
standards  for  comparison  of  plant  operations  have  appeared  and  little 
has  been  known  by  the  superintendent  of  one  plant  regarding  the 
relative  efficiency  of  operation  of  his  own  installation  and  that  of 
another  plant  of  similar  type  operating  under  similar  conditions. 

Several  unsuccessful  attempts  have  been  made  by  various  organi- 
zations to  collect  data  relating  to  these  important  matters,  but 
imfortunately  little  or  no  information  could  be  had. 

Appreciathig  the  value  of  such  data  in  connection  with  the  many 
problems  of  fuel  conservation  and  its  investigations  into  the  use  of 
producer-gas  power,  the  Bureau  of  Mines  decided  (1)  that  an  effort 
should  be  made  to  procure  operating  details  from  a  small  number 
of  representative  producer-gas  plants  using  scrubbed  gas  either  for 
power  or  heating  purposes;  (2)  that  primarily  data  from  plants 
using  bituminous  coals  and  lignites  should  be  sought,  but  that  data 
from  a  few  of  the  larger  anthracite  plants  and  the  oil  and  wood  plants 
should  be  included. 

With  these  points  in  mind,  data  sheets  were  sent  to  the  owners 
of  a  limited  number  of  plants,  and  for  the  most  part  the  response 
has  been  highly  gratifying.  Returns  of  a  positive  character  were 
received  from  39  installations. 
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Although,  as  might  be  expected,  a  great  deal  of  indefiniteness 
exists  r^arding  many  of  the  operating  details,  and  few,  if  any,  cost 
data  are  available,  it  is  believed  that  in  the  following  pages  sufficient 
detailed  information  is  presented  to  provoke  wholesome  discussion 
on  the  part  of  those  interested  in  this  form  of  power;  to  stimulate 
responses  to  future  requests  from  the  Bureau  of  Mines,  and  to  serve 
as  a  basis  for  comparison  by  the  different  operators  of  similar  plants. 

GHABACTBB  OF  7X7BL  XTSBD  IN  GAS  PBODXTGEBS. 

Owing  to  the  agitation  of  the  Bureau  of  Mines  for  several  years 
past  concerning  the  use  of  high-ash  and  low-grade  fuels,  it  was  hoped 
that  several  producer-gas  installations  would  report  the  use  of  grades 
of  fuel  hitherto  regarded  as  of  httie  commercial  value.  However, 
an  inspection  of  several  plants  in  1913  showed  rather  conclusively 
that  on  the  whole  the  grade  of  fuel  used  in  producer-gas  installations 
has  been  steadily  rising,  and,  in  the  main,  the  fuel  used  to-day  is 
decidedly  superior  to  that  used  six  or  eight  years  ago. 

Although  from  the  standpoint  of  the  engineers  of  the  Bureau  of 
Mines  this  condition  is  to  be  regretted,  it  is  perhaps  perfectly  natural, 
as  the  tendency  of  the  operators  of  such  plants  is  to  reduce  manual 
labor  to  a  minimum.  A  feeling  of  assurance  by  the  management  of 
guaranteed  reliabiUty  of  service  is  also  commercially  important  in 
determining  the  quality  of  fuel  to  be  used.  It  is  not  strange,  then, 
that  the  highest  grade  fuel  obtainable  at  a  reasonable  price  is,  in 
nearly  every  instance,  the  one  adopted. 

A  rather  poor  grade  of  bituminous  coal  was  originally  used  in  a 
plant  of  considerable  size,  but  owing  to  the  amount  of  labor  required 
in  operating,  the  ]jurchasing  agent  was  finally  persuaded  by  the  plant 
superintendent  to  substitute  a  high-grade  coal  at  a  much  higher 
price  per  ton. 

Sudi  excellent  results  were  at  once  obtained  and  the  labor  cost 
was  so  materially  reduced  that  the  purchasing  agent,  who  had  for- 
merly believed  in  purchasing  the  cheapest  coal  to  be  had,  immedi- 
ately substituted  the  high-grade  coal  throughout  the  boiler  plant  as 
well  as  the  producer  plant.  The  superintendent  felt  that  the  greatest 
service  the  producer  plant  had  rendered  was  in  improving  the  grade 
of  fuel  used  in  the  steam  plant.  He  stated  that  he  realized  that  Ids 
company  was  not  working  toward  fuel  conservation,  but  he  felt  that 
reliabihty  of  service  was  the  uppermost  requirement  in  his  plant. 
He  said  that  he  would  be  glad  to  use  a  lower  grade  fuel  at  a  less  cost 
per  ton  if  he  could  be  shown  plants  with  sLDodlar  exacting  commercial 
requirements  successfully  operating  on  such  fuel. 

Such  comments  are,  for  the  most  part,  typical  of  the  present 
situation.    It  is,  however,  gratifying  to  note  here  and  there  excep- 
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tions  to  this  tendency.  One  notable  example  may  be  seen  in  Texas 
in  a  plant  that  uses  lignite  screenings  as  the  regular  fuel  for  the  gas 
producers.  The  manager  finds  these  screenings,  costing  much  less 
than  run-of-mine  lignite,  an  excellent  producer  fuel.  He  has  given 
a  standing  order  for  this  material,  but  has  considerable  difficulty  in 
procuring  enough  of  it. 

As  far  as  is  reported,  no  other  operator  in  that  vicinity  feels  any 
assurance  of  success  with  such  screenings  as  they  are  generally 
regarded  as  inferior  fuel. 

The  high  character  of  the  fuels  generally  used  for  producer-gas 
installations  is  made  apparent  by  the  data  in  the  table  following. 

Grade  of  fuel  used  in  different  types  of  gas  producers, 

PRODUCERS  USING  BITUMINOUS  COAL. 


Plant  No. 


94. 

8.. 
13. 
17. 
13. 
38. 
S7. 
83. 
SO. 
37. 
82. 
8.. 
85. 
35. 
30. 


Ash. 


Percent. 
8.7 
6.0 
7.4 
10.1 
8.7 


7.0 
6.0 
7.0 
4.8 
7.8 
5.5 
7.0 
4.7 


Sulphur. 


Percent. 
a5 
L6 
.5 
8.4 
3.3 


1.5 

.0 

1.3 

.5 

.8 

1.0 

3.0 

1.0 


HMting 

▼alucpor 

pound  as 

fired. 


B,  t. «. 
11,540 
13,370 
13,396 
13,523 
13,741 
13,750 
14,000 
14,370 
14,500 
14,535 
14,769 
14,800 
14,834 


PRODUCERS  USING  LIGNITE. 


11. 
4. 

11. 
31. 


5,560 

7,440 

7,070 

11,400 


PRODUCER  USING  WOOD. 


5,400 


Most  lignite  contains  30  to  40  per  cent  water,  but,  as  indicated 
above,  it  does  not  necessarily  run  high  in  ash.  As  regards  true  fuel 
conservation,  there  is  seemingly  little  being  done  in  the  United 
States  by  the  operators  of  producer-gas  plants. 


TESTS  OF  LOW-GRADE  FUEL. 


It  is,  perhaps,  important  again  to  emphasize  the  possibiUties  from 
high-ash  coals.  Although  it  is  fully  appreciated  that  commercial 
conditions  make  reliability  of  operation  and  plant  capacity  impera- 
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tive,  it  is  the  belief  of  the  author  that  many  of  these  plants  could 
utilize  relatively  cheap,  poor  grades  of  fuel  with  an  assurance  of  both 
reliability  and  capacity  and  a  net  financial  gain.  The  most  difficult 
problem  seems  to  be  that  of  procuring  thoroughly  competent  men 
for  the  careful  supervision  of  such  installations.  The  tabulated 
figures  foDowing,  showing  the  results  of  Bureau  of  Mines  tests, 
indicate  the  possibilities  of  using  in  gas  producers  the  fuels  represented. 

RouUm  ofjud  tests,  showing  adaptability  of  certain  fuds  for  use  in  gas  producers. 


Boone  of  ItMl. 


Varisty  or  size  of 
Aid. 


Ash. 


Moisture. 


quantity 
oiltiel,a8 
fired,  ooiw 
scmied  In 
producer 
p€rbnk0 
bonepowier- 
hour. 


NcyMBrioo 

Iowa 

Wyoming. 

Do 

niinois 

BracH,  Sooth  Americft. 

WertVftnglnia. 

FcDnsytrania. < 

West  VlrsiD^ •• 


Run  of  mine. 
.....do 


Run  of  mine.... 

Bone 

Run  of  mine.... 

Bone 

Waahery  refuse.. 

.....do 

Bone 


PereaU. 
19.63 
2a57 
2a  70 
2a  73 
2L73 
23.13 
23.44 
28.06 
80.35 
31.80 
43.74 


Percent. 
3.63 
8.55 
16.60 
9.44 
8.65 
8.67 

iao6 

2.91 

2.68 

2.25 

.47 


Pounit, 
1.10 
1.45 
1.56 
170 
1.83 
2.88 
2.03 
1.36 
2.84 
2.76 
1.66 


If  these  figures  are  compared  with  the  results  on  page  25,  it  will 
readily  be  seen  that  even  after  due  allowance  has  been  made  for  the 
difference  between  the  operation  of  a  testing  station  and  that  of  the 
average  commercial  plant,  the  possibiUties  from  these  high-ash  fuels 
warrant  thoughtful  consideration  by  the  progressive  managers  of 
commercial  iostallations. 

The  manager  of  a  large  steel  plant  in  England  realizes  that  his 
abihty  to  maintain  the  high-^ade  quaUties  of  the  steel,  for  which 
his  company  has  been  so  long  noted,  and  at  the  same  time  to  reduce 
the  coat  of  manufacture  to  a  point  below  that  of  his  competitoiB 
depends  on  a  reduction  in  the  cost  of  generating  power.  He  is, 
therefore,  seriously  attacking  the  inunense  refuse  heaps  that  have 
heen  accumulating  for  years  at  the  colliery  connected  with  the  steel 
plant.  The  material  from  these  refuse  heaps  is  passed  through  a 
crusher  and  then  to  a  washer  where  approximately  one-half  of  the 
nonconbustible  material  is  removed.  The  washed  fuel,  containing 
approximately  25  per  cent  of  noncombustible  material  is  then  utilized 
in  rotary  eccentric-grate  producers,  to  the  entire  satisfaction  of  the 
company  and  with  a  reduction  in  the  cost  of  the  product  of  the  plant. 

In  sharp  contrast  is  a  plant  of  several  thousand  horsepower  pre- 
viously mentioned.  This  plant  is  operated  in  the  interests  of  a  large 
corporation  in  the  United  States,  which  owns  extensive  bituminous- 
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coal  mines  not  distant  from  the  plant.  The  operating  company  sends 
its  own  bituminous  coal  to  the  market  and  uses  Pennsylvania  anthra- 
cite at  a  cost  of  over  $11  per  ton  in  its  producer-gas  plant.  Owing 
to  the  lower  labor  charge  when  anthracite  is  used,  the  records  of  the 
plant  show,  for  periods  of  a  year  or  more,  that  the  cost  of  operation 
with  bituminous  coal,  if  charged  on  the  books  at  $8  per  ton,  is  con- 
siderably more  than  with  anthracite  coal.  Although  at  the  prices 
indicated,  the  anthracite  fuel  seems  to  give  the  better  results,  it  is  a 
question  of  no  little  importance  as  to  whether  refuse  material  from 
the  company's  mines  might  not,  even  with  higher  labor  costs,  prove 
the  least  expensive  fuel,  especially  as  the  plant  has  ample  spare 
producer  capacity. 

DATA  ON  FUEL  USED  AT  COMMEBCIAL  PLANTS. 

The  Bureau  of  Mines  sent  form  letters  to  numerous  producer-gas 
plants,  inquiring  as  to  the  character  of  fuel  used,  the  reasons,  if  any, 
for  having  changed  fuels,  the  reasons  why  certain  plants  did  not 
use  local  fuels,  and  the  necessity  for  a  low  sulphur  content  in  the 
coaL  The  responses  may  be  briefly  sunmiarized  as  follows,  the 
numbers  being  those  assigned  to  the  rephes  as  received.  The  figures 
for  fixed  carbon,  volatile  matter,  moisture,  sulphur,  and  ash  are  per- 
centages: 

Summary  of  replies  to  queries  regarding  operation  of  producer-gas  plants, 

Up-Draft  Plants. 
Plants  using  anthracite. 

1.  Fuel,  buckwheat.  Low-sulphur  coal  necessary,  as  high-sulphur  coal  caoses 
back-firing. 

9.  Fuel,  buckwheat.  Pea  coal  has  been  used.  Buckwheat  is  fully  as  cheap  and 
works  nearly  as  well.    LowHsulphur  coal  not  necessary  for  successful  operataon. 

16.  Fuel,  buckwheat,  from  |-inch  down.    Analysis  follows: 

Fixed  carbon 82,47 

Volatile  matter 6.29 

Moisture 

Ash 12.29 

This  plant  fonnerly  used  gas-house  coke,  but  the  anthracite  works  with  greater 
ease,  as  the  coke  clinkered  badly  and  gave  trouble  from  tar  in  the  engLnes. 

19.  Fuel,  Pennsylvania  No.  1  buckwheat.  Lownmlphur  coal  regarded  as  neces- 
sary to  prevent  clinkering. 

20.  One  200-horBepower  producer  uses  pea  anthracite,  and  one  25(MiQtBepower 
producer  uses  run-of-mine  bituminous  coal.  The  pea  anthracite  is  used  in  the  spare 
producer,  the  other  producer  having  been  modified  for  the  use  of  ooke,  which  is  a 
by-product  from  the  gas  department. 

36.  Fuel,  No.  1  buckwheat.  Pea  anthracite  formerly  used.  Buckwheat  costs 
less  and  seems  to  give  about  the  same  residts. 
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Plants  udng  bituminous  coal. 

3.  Fuel,  Pocohontas  alack.    Analysis  foBows: 

Fixed  carbon 73.60 

Volatile  matter 17.70 

Moisture 1-46 

Ash 7.25 

Sulphur  (separately  determined) 80 

British  thennal  units  in  coal,  as  fired 14, 800 

Formerly  used  Alabama  coal.  Unsatisfactory.  Too  much  tar.  Caused  preignitlon 
and  Yariable  gas  quality.  Peat  is  mined  in  the  vicinity.  Was  tried,  mixed  with 
coal,  and  did  fairly  veil,  but  gave  an  offensiye,  sickening  gas.  No  ill  effects  from 
Bulphur  in  coal,  except  possibly  in  causing  coal-pile  fires. 

5.  Fuel,  bituminous  coal  from  Puritan  mines,  Cambridge,  Ohio,  f-inch  lump. 
Have  experimented  with  other  coals,  but  the  above  meets  requirements  best.  Other 
coal  is  mined  in  the  vicinity,  but  it  is  too  lugh  in  sulphur.  Low-sulphur  coal  is 
lequiiedy  as  the  sulphur  fumes  cause  distress. 

12.  Fuel,  No.  2  washed  nut  bituminous  coal  that  passes  over  a  f-inch  and  through 
a  2}-inch  screen.    The  proximate  analysis  is: 

Fixed  carbon 54. 83 

Volatile  matter 29.  ^ 

Moisture 7.90 

Ash 7.36 

Sulphur  (separately  determined) 48 

British  thermal  units  in  coal  as  fired 12, 296 

Low-sulphur  coal  is  r^arded  as  essential  in  the  operation  of  this  plant  to  prevent 
sulphur  fumes  throughout  the  factory  and  a  sulphur  coating  on  the  manufactured 
inoduct  as  the  gas  is  used  for  annealing. 

17.  Fuel,  Hocking  Valley  coal  in  nut  sizes  passing  over  1-inch  and  through  2-inch 
screens.    The  two  grades  used  show — 

Fixed  carbon 6L67  67.60 

Vdalile  matter 38.26  34.20 

ICoisture 9.24  4.99 

Ash 10.07  3.21 

Sulphur  (separately  determined) 3.42  .73 

British  thermal  units  in  coal  as  fired 12,522  13,658 

The  second  fuel  is  reported  to  give  not  enough  gas  and  to  be  too  high  in  by-products. 

21.  Owing  to  the  fact  that  the  gas  is  used  in  connection  with  furnaces  and  the  prod* 
nets  of  combustion  are  discharged  into  the  room,  considerable  ir^tation  of  the  lungs 
and  throat  is  experienced,  which  seems  to  cause  ill  health  among  the  employees  unless 
the  percentage  of  sulphur  in  the  fuel  is  kept  low.  The  fuel  used  contains  less  than  1 
per  cent  sulphur. 

25.  Fuel,  Hocking  Valley  bituminous  nut  coal.    The  analysis.follows: 

Fixed  carbon 47. 01 

Volatile  matter 36.67 

Moistuie 9.30 

Ash 6.97 

Bulphur  (separately  determined) 1. 98 

The  company  used  anthjradte  for  the  first  two  years,  but  on  the  addition  of  new 
piodacerB  changed  to  bituminous  coal,  with  a  saving  due  to  the  difference  in  price. 
They  find  that  the  preeent  plant  operates  more  easily  on  bituminous  coal  than  the 
foimer  producers  did  on  anthracite. 

43186**--Bull.  10&-16 2 
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33.  The  analysu  of  the  fuel  used  follows: 

Fixed  carbon 69. 2 

Volatile  matter 21. 3 

Moistuie 2.6 

Ash 7.0 

Sulphur  (separately  determined) t 1. 6 

British  thermal  units  in  coal  on  dry  basis 14, 760 

37.  Fuel,  bituminous,  Westmoreland  (Pa.)  run-of-mine  coal,  showing  14,200  British 
thermal  units  on  the  dry  basis.  Anthracite  coal  is  mined  within  50  miles,  but  the 
bituminous  coal  works  more  freely  and  is  less  expensive. 

39.  Fuel,  New  River  and  Pocahontas  (W.  Va.)  coal  reduced  to  extreme  fineness 
before  received.    Typical  analysis  of  the  New  River  coal  follows: 

Fixed  carbon 73. 6 

Volatile  matter 20. 4 

Moisture 1.04 

Ash 4.96 

Sulphur  (separately  determined) 91 

British  thermal  units  in  coal  as  fired  (approximately) 14, 500 

Ck)nsiderable  carbon  in  ash  at  times  because  of  uneven  burning  of  fuel  bed.  Have 
used  Pocahontas.  No  difference  noted  in  general  operation  between  Pocahontas  and 
New  River.  Some  wood  is  available  in  the  vicinity,  but  the  high  cost  of  procuring 
it  and  the  uncertainty  as  to  successful  gasification  in  the  producers  installed  prevent 
its  use.    No  effects,  ill  or  otherwise,  have  been  noted  from  sulphur. 

Plants  using  lignite. 

4.  Fuel,  Texas,  screened,  large-lump  lignite.    Analysis  of  coal  as  received: 

Fixed  carbon 27. 02 

Volatile  matter 36. 92 

Moisture • 29.20 

Ash 6.86 

Sulphur  (separately  determined) 58 

British  thermal  units  in  coal  as  received 7,442 

Obtain  better  gas  with  coal  of  low-sulphur  content. 

11.  Fuel,  lignite  screenings  from  two  mines,  showing  a  proximate  analysis  aa 

foUows: 

KJnel.      Wd»Z 

Fixed  carbon 17. 50  12. 13 

Volatile  matter 47.56  48.18 

Moisture 27.21  31.81 

Ash a  21  7.88 

Sulphur  (separately  determined) 44  L03 

British  thermal  units  in  coal  as  fjred 7,073  6,661 

British  thermal  units  in  coal  on  dry  basis 9, 717  8, 163 

British  thermal  units  in  coal  combustible 10,952  9,217 

Formerly  this  plant  used  lignite  lump,  but  the  cheaper  grade  gives  satisfactory 
results.  This  cheaper  fuel  is  regarded  by  the  miner^perators  as  of  lower  grade  than 
the  lignite  lump.  It  is  lower  in  heat  value  and  is  also  of  a  grade  not  usually  market- 
able. It  works  with  slightly  less  ease  than  the  lump  lignite,  but  as  it  costs  less  and  is 
really  worked  with  little  cUfficulty  it  is  regarded  as  a  very  satisfactory  fuel.  This 
lignite  is  mined  in  the  vicinity  of  the  plant.  Low-sulphur  fuel  is  not  regarded  aa 
essential  for  successful  operation. 
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38.  Fuel,  lignite,  piearflCfeeiiingB,  near  Centralia,  Wash.  Several  other  Washington 
lignites  have  been  tried ,  but  all  cost  more  and  were  no  better  or  not  so  good  on  account 
of  hotter  fire  and  more  clinker.  The  present  fuel  is  of  lower  grade  and  highest  in  ash 
bat  works  better. 

Plants  using  wood. 

13.  Fuel,  waste  hardwood  in  lengths  of  1  foot  or  less,  and  about  1  to  3  inches  in 
diameter,  togeth^  with  some  bark  and  sawdust.  This  hardwood  runs  about  35  to  60 
per  cent  moisture  as  used.  During  the  early  operation  of  the  plant  sticks  1)  to  3  feet 
long  were  used,  but  some  difficulty  was  experienced  with  arching  of  the  fuel  bed  and 
the  formation  of  ix>ckets  that  burned  out  the  gas. 

26.  Fuel,  cyi>re6B  refuse  from  the  hog  machine.  Brought  about  1  mile  from  the 
mill.  Chips  and  sawdust  also  used.  The  wood  as  fired  yielded  5,400  British  thermal 
imits,  and  on  dry  basis  10,000  British  thermal  units.  Other  fuels  tried  in  this  plant 
are:  Anthracite,  bituminous  coal,  coke  breeze,  and  pine  hog.  Coal  or  coke  was  found 
inferior  to  the  wood  refuse,  as  the  cypress  hog  gives  a  more  constant  quality  of  good 
gBfl.  It  works  with  greater  ease  and  costs  less  than  the  other  fuels.  Low  sulphur 
content  is  regarded  as  important  because  of  the  deleterious  action  of  H^SOf  on  the 
producer  plant  and  engine. 

Down-Draft  Plants. 

Plants  using  bituminous  coal. 

8.  Fuel,  Big  Muddy  (111.)  run-of-mine  coal.    Analysis  follows: 

Pized  carbon 50. 92 

Volatile  matter 32.80 

Moisture 9.40 

Ash 6.88 

Sulphur  (separately  determined) 1. 56 

British  thermal  units  in  dry  coal 13, 553 

Satisfaictory  in  price  and  results.  Is  regarded  as  high  grade.  Makes  good  gas  with 
little  clinker.    No  trouble  has  been  experienced  on  account  of  sulphur. 

20.  One  200-horBepower  producer  usee  pea  anthracite  and  one  250-horsei)ower 
producer  uses  run-of-mine  bituminous  coal  with — 

Fixed  carbon 76. 80 

Volatile  matter 17 .  11 

Moisture 1.39 

Ash 4.70 

Sulphur  (seiMiately  determined) 1. 01 

The  pea  anthracite  is  used  in  the  spare  producer,  the  other  producer  having  been 
modified  for  the  use  of  coke,  which  is  a  by-product  from  the  gas  department. 
22.  Uses  Pocahontas  slack.    Analysis  follows: 

Fixed  carbon 81.41 

Volatile  matter 13.23 

Moisture 54 

AA 4.82 

Sulphur  (separately  determined) 50 

British  thermal  units  in  slack  as  fired 14, 769 

Experiments  have  been  made  with  other  fuels,  but  no  other  fuel  has  been  used  for 
any  length  of  time.    The  lower  the  sulphur  the  better  the  results. 
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23.  Fuel,  West  Viiginia  bituminouB  coal  run  through  a  4-iiich  crusher. 

Fixed  carbon 63. 89 

Volatile  matter 36.01 

MoiBfture 3. 45 

Aish.. 6.65 

Sulphur  (separately  determined) 2. 22 

British  thermal  tinits  in  coal  as  fired  (average  of  49  cars) 13, 741 

This  company  has  used  other  West  Viiginia  coals  and  Indiana  coal  but  finds  the  pres- 
ent coal  gives  a  laiger  producer  output.  It  is  of  higher  grade  than  the  other  fuels  tried , 
higher  in  carbon,  lower  in  ash,  and  works  with  greater  ease.  It  costs  more  than  the 
other  fuels. 

24.  Fuel,  bituminous  southwestern  Illinois  coal,  1)  to  7  inches.    Analysis  follows: 

Fixed  carbon 55. 51 

Volatile  matter 31. 78 

Moisture 9.02 

Ash 3.69 

Sulphur  (separately  determined) 52 

British  thermal  units  in  dry  coal 12, 805 

Bun-of-mine  coal  from  the  same  mine  and  a  few  other  similar  Illinois  coals  have 
been  used.  The  run-of-mine  coal  was  changed  because  of  too  much  slack,  as  a  more 
uniform  grade  of  coal  is  preferred.  The  present  fuel  is  regarded  as  of  higher  grade 
than  that  previously  used,  although  it  comes  from  the  same  mine.  It  is  freer  from 
dirt  and  of  more  suitable  size  for  producer  use.  It  operates  with  greater  ease.  It 
costs  more  per  ton  at  the  mine.    Low  sulphur  is  not  essential  but  is  preferred. 

27.  Fuel,  Pennsylvania  run-of-mine  bituminous  coal.  The  average  analysis  of 
the  coal  in  foxa  cars  follows: 

Fixed  carbon 76. 94 

Volatile  matter 13.70 

Moisture 1. 47 

Aah 7.89 

Sulphur  (separately  determined) 1. 18 

British  thermal  units  in  coal  as  fired 14, 535 

When  this  particular  grade  of  coal  can  not  be  procured  a  coal  yielding  13,365  British 
thermal  units  is  substituted.  The  latter  fuel  is  higher  in  volatile  matter,  ash,  and 
sulphur,  and  lower  in  fixed  carbon.  It  is  not  necessary  to  run  the  fires  quite  as  hot 
as  with  the  former  fuel  on  account  of  the  higher  volatile  matter.  The  second  coal 
costs  less  than  the  first.  Low  sulphur  content  is  r^^arded  as  essential.  On  account 
of  corrosion  the  3-inch  steel  economizer  tubes  last  only  about  18  months. 

28.  Fuel,  West  Virginia  Pocahontas  coal,  running  from  dust  to  0.75  inch  in  size. 
As  fired  it  yields  13,500  to  14,000  British  thermal  units,  and  on  the  dry  basis  it  yields 
14,000  to  14,500  British  thermal  units. 

29.  Fuel,  Viiginia  bituminous  run-of-mine  coal  and  slack.  Washed  slack  has 
been  used,  but  a  change  was  made  to  the  fuel  first  mentioned  because  no  more  washed 
slack  could  be  purchased.  The  present  fuel  is  r^;aided  as  of  lower  grade,  although 
it  works  better  in  the  producer  and  costs  less. 

35.  Fuel,  Berwyn  and  White  Scalp  level.  South  Fork  (Pa.)  coal.    Analysis: 

Fixed  carbon 77.0 

Volatile  matter 17.0 

Moisture .5 

Ash 5.5 

Sulphur  (separately  determined) 1.0 

Britiah  thermal  units  in  coal  as  fired 14, 834 
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This  is  a  higher-grade  coal  and  costs  more  than  that  previously  used.  The 
change  was  made  as  better  results  can  be  obtained  with  the  present  coal,  as  it  works 
with  greater  ease  and  does  not  cake  or  clinker.  Low  sulphur  content  is  regarded  as 
neceaaary  in  order  to  eliminate  the  action  of  sulphuric  add. 

DOUBLB-ZONB  TlAJXTB. 

Plants  using  bituminous  coaL 

2.  Fuel,  New  Mexico  bituminous  chestnut  coal.    CoBto  lasB  than  coal  previously 
used  in  steam  plants.    Low-sulphur  coal  not  necessary. ' 
8.  Fuel)  Big  Muddy  (111.)  run-of-mine  coal.    Analysis  follows: 

Fixed  carbon 50. 92 

Volatile  matter 32. 80 

Moisture 9. 40 

Ash 6.88 

Sulphur  (separately  determined) 1. 56 

British  thermal  units  in  coal  on  dry  basis 13, 553 

Satisfactory  in  price  and  economy.    It  is  regarded  as  high  grade.    Makes  good  gas 

with  little  clinker.    No  trouble  has  been  experienced  on  account  of  sulphur. 

«« 

Plants  using  lignite. 

31.  Fuel,  lignite,  size  about  3-inch  cubes. 

Fixed  carbon,  approximately 40 

Volatile  matter 34 

Moisture 18 

AA 6 

British  thermal  units  in  coal  as  fired 11, 400 

POUNDS  OF  FUBIi  FBR  SaUABE  FOOT  OF  FUEIr-BEl>  ABBA  FEB 

HOTJB. 

One  of  the  most  important  oommercial  items  connected  with  the 
design  and  the  operation  of  gas  producers  is  the  determination  of 
the  number  of  pounds  of  fuel  consiuned  per  square  foot  of  fuel-bed 
area  per  hour.  This  rate  of  fuel  consumption  varies  radically  with 
different  types  of  plants  and  with  different  grades  and  different 
types  of  fuel  and  has  led  to  much  difficulty  in  designing  and  in  rating 
producers.  Early  work  in  this  coimtry  followed  European  practice 
afanost  entirely  and  thereby  occasioned  much  trouble  in  connection 
with  the  rating  of  pioneer  plants,  and  brought  about  the  ultimate 
failure  of  many  of  them.  Under  certain  European  conditions  fuels 
of  a  definite  grade  are  specified,  so  that  high  rates  of  fuel  con- 
sumption may  be  obtained.  It  is  not  impossible  to  obtain  similar 
rates  of  consumption  under  corresponding  circumstances  in  this 
coimtryy  but  as  selected  fuels  are  seldom  obtainable  except  for  special 
tests,  it  has  been  f oimd  that  in  general  in  the  United  States  the  rate 
of  fuel  consiunption  per  square  foot  of  fuel-bed  area  does  not  average 
much  over  one-half  the  consumption  originally  guaranteed  by  early 


20 


OPEEA.TING  DETAILS  OP  GAS  PKODUCEES, 


manufacturers.    This  fact  has^  of  course,  led  to  a  decided  modifica- 
tion in  the  design  of  many  plants. 

Although  the  possible  rate  of  burning  high-^ade  fuel  may  be  rela- 
tively high;  much  depends  on  the  method  of  operation  and  the  char- 
acter of  the  fuel  as  to  the  actual  commercial  results  obtaiQed.  CSer- 
tain  types  of  fuel  lend  themselves  more  readily  to  high  rates  of  fuel 
consumption  than  others,  and  with  a  given  fuel  the  rate  of  bxuning 
will  vary  with  the  nature  of  the  gas-generatiQg*process,  the  down- 
draft  plant  consuming  practically  twice  as  much  fuel  per  square  foot 
of  fuel-bed  area  per  hour  as  the  up-draft.  In  1911  the  writer*  stated 
that  down-draft  plants  were  in  operation  that  consumed  more  than 
40  pounds  of  lignite  per  square  foot  of  fuel-bed  area  per  hour,  and  that 
up-draft  producers  could  gasify  comparatively  laige  quantities  of 
fuel  per  hour  for  relatively  short  periods,  but  that  in  actual  operation 
with  ordinary  grades  of  fuel  it  was  doubtful  whether  the  consumption 
in  the  up-draft  plants  would  exceed  15  to  16  pounds  per  square  foot 
of  fuel-bed  area  per  hour.  The  normal  figure  at  that  time  was  stated 
to  be  much  nearer  10  pounds,  and  it  was  said  that  10 'pounds  would 
prove  to  be  a  high  figure  for  fuels  having  a  large  percentage  of  ash  or 
a  sulphur  content  that  tended  to  produce  serious  clinkering.  It  is 
interesting  to  compare  the  figures  mentioned  with  the  figures  from 
several  plants  in  commercial  operation  at  the  present  time,  as  fur- 
nished by  the  owners  or  operators  of  the  plants.  Such  figures  are 
presented  in  the  pages  following. 

FUEL  CONSUMPTION  OF  UP-DRAFT   PLANTS  USING  ANTHRACITE  COAL. 


The  fuel-consumption  figures  for  certain  plants  using  anthracite 
coal  follow: 

Jhiel  (xmsumption  of  up-dmfi  gas  producers  tm^ 


Plant  No. 

Horaepower 
of  each 
gas  gen- 
erator. 

Area  of 
fuel  bed. 

Fuel  as  fired  per  gquare 
foot  of  fuel-bed  area 
per  hoar. 

As  rated. 

As  actually 
operated. 

14 

76 
160 
250 
300 
300 
300 
400 

Snutrefeet, 
7.1 
13.6 
88.5 
42.5 
44.2 
44.2 
56.6 

POMMb. 

l&O 
16.0 
7.8 
8.7 
6.8 
8.5 
9.0 

Poundt. 

9 

12.7 

34 

18 

19 

7.3 

36 

4.5 

16 

Average 

ia7 

a  Femald,  R.  H.,and  Smith,  C.  D.,  R^sumd  of  produoer-gas  investigations:  Bull.  13,  Bureau  of  Mines, 
1911,  p.  45. 
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The  average  consumption  of  the  seven  plants  listed,  on  the  basis 
of  the  manufacturers'  rating,  was  10.7  pounds  per  square  foot  of 
fuel-bed  area.  The  number  of  plants  reporting  operating  figures  for 
anthracite  coal  is  not  enough  to  permit  the  presentation  of  averages, 
although  it  is  probable  that  the  average  figure  for  commercial  oper- 
ation for  up-draf t  plants  using  anthracite  as  a  fuel  is  not  far  from  the 
average  given  on  the  basis  of  the  manufacturers'  rating. 

rUEL.   CONSUMPTION   OP  UP-DRAFT  PLANTS    USING  BITUMINOUS   COAL. 


Figures  covering  fuel  consumption  of  gas  producers  using  bitu- 
minous coal  follow: 

Fuel  conwmption  o/up-drafi  gas  producers  using  bituminoiu  ooaL 


Plant  No. 


37. 
3.. 
33. 
17. 

12. 

25. 
39. 
21. 


5-. 
12. 


Horaepower 

of each 

gasgen- 

erator. 


200 

aoD 

290 

250 

200 

300 

900 

400 

870 

660 

1,000 

1,000 

2,500 


Area  of 
fuel  bed. 


Squorefut. 

25.0 
28.3 
33.1 
24.0 
42.0 
40.0 
50.0 
5a2 

5ao 

78.0 
70.0 

2iao 


Fuel  as  fired  per  square 
foot  of  fuel-bed  area 
per  hour. 


As  rated. 


}• 


Poufkd8, 
7.0 
10.0 

lae 

10.0 

10.4 

0.6 

9.1 

8.0 

lao 


7.0 
14.8 


10.4 


As  actually 
operated. 


1 


Pimtidt. 

7.0 

7.6 

7.6 

13.7 

7.4 

&6 
6.1 

&7 

7.1 
13.1 


a7 


For  the  up-draf t  plants  operating  on  bituminous  coal  the  range  of 
actual  operating  rates  of  fuel  consumption  seems  to  be  from  approxi- 
mately 6  to  more  than  13.5  pounds  per  square  foot  of  fuel-bed  area  per 
hour.  This  marked  difference  might,  on  first  thought;  be  supposed 
to  be  due  to  differences  in  the  character  of  the  f uels,  but  an  examina- 
tion of  the  records  submitted  shows  that  actually  the  higher-grade 
fuel  is  used  in  the  plant  reporting  the  low  rate  of  fuel  consumption  per 
square  foot  of  fuel-bed  area  per  hour. 

The  coal  used  in  the  plant  reporting  the  6-poujid  rate  averaged 
14,500  British  thermal  units  as  fired  and  contained  5  per  cent  ash 
and  0.9  per  cent  sulphur,  whereas  the  coal  used  in  the  plant  reporting 
the  13.7-pound  rate  averaged  12,520  British  thermal  units  and  con- 
tained 10.1  per  cent  ash  and  3.4  per  cent  sulphur,  and  the  coal  in  the 
plant  reporting  the  13.1-poimd  rate  averaged  12,300  British  thermal 
units  and  contained  7.4  per  cent  ash  and  0.5  per  cent  sulphur. 
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The  inference  is  that  the  plant  with  the  6-pound  rate  was  operated 
much  below  the  capacity  of  the  producer. 

Although  there  seems  to  be  little  direct  relation  between  the  rated 
fuel  consumption  for  the  individual  plants  and  the  number  of  pounds 
of  fuel  actually  burned  per  square  foot  of  fuel-bed  area,  the  average 
figures  check  within  reasonable  limits  and  indicate  that  approximately 
8.5  pounds  per  square  foot  of  fuel-bed  area  per  hour  with  good-grade 
bituminous  coal  is  a  reasonable  figure  for  an  up-draft  producer  gas 
plant. 

FUEL  CONSUMPTION  OP  UP-DRAFT  PLANTS   USING  LIGNITE. 

The  figures  for  fuel  consumption  in  gas  producers  using  lignite 
follow: 

Fiul  consumption  of  up-draft  gas  producers  vMng  lignite. 


Plant  No. 

Horsepower 
of each 
gas  gen- 
erator. 

Area  of 
fuel  bed. 

Fuel  as  fired  per  square 
foot  of  fuel-bed  area 
per  hour. 

As  rated. 

Asaotoally 
operated. 

4 

100 
100 
250 
300 

Square  feet. 
10.6 
90.4 
38.6 
41.3 

Potttub. 
11.6 

Pounde, 
11.5 

7 

8.6 

11 

14.8 

38 

lao 

&5 

Average 

las 

las 

The  returns  cited  for  lignite  in  up-draft  plants  indicate  that  approxi- 
mately 11  pounds  of  lignite  is  burned  per  square  foot  of  fuel-bed  area 
per  hour  in  plants  of  this  type. 

Tests  at  the  Government  testing  station  at  St.  Louis  in  1904-1906 
indicated  that  a  higher  average  i-ate  may  easily  be  obtained  with  lig- 
nite in  up-draft  plants. 

FUEL  CONSUMPTION   OF  UP-DRAFT   PLANTS   USING  WOOD. 

Figures  for  fuel  consumption  in  gas  producers  using  wood  follow: 

Fu£l  consumption  of  up-draft  gas  producers  using  wood. 


Plant  No. 


13. 
26. 


Horsepower 
of  each 
gas  gen- 
erator. 


{ 


150 
200 
280 


Area  of 
fuel  bed. 


Squarefeet. 
50.3 
33.3 
50.3 


Fuel  as  fired  per  square 
foot  of  fua-bed  area 
per  hour. 


As  rated. 


} 


Pounde, 
12.0 

14.0 


AsactuaUy 
operated. 


Potfndt. 
14.6 


POUNDS  OF  FUEL  PEE  HOUB. 
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rUSL  CX>NSUlCFnON  OP  DOWN-DRAFT  PLANTS  USING  BITUMINOUS  COAL. 

Figui^  showing  fuel  consumption  in  certain  plants  using  bitumi- 
nous coal  follow: 

Fuel  eonsumptUm  ofdovm-draft  gas  producen  using  bUumirums  coal. 


Plant  No. 

HorsBpoww 
of each 
gasBezi- 
eraior. 

Area  Of 
fuel  bed. 

Fuelasflred  per  square 
foot  of  fuel-bed  area 
per  boar. 

Aerated. 

As  actually 
operated. 

22 

250 
260 
250 
376 
600 
800 
1,600 
1,600 

Square/eet, 
17.4 
17.4 
20.4 
38.6 
60.0 
36.0 
60.0 
00.0 

POIMdM, 

14.4 
17.0 
14.7 
13.0 
12.6 
33.4 
27.6 
20.0 

P<mnd», 
14.4 

27 

36 

14.7 

28 

28 

8 

18.4 

23 ,. 

23.6 

24 

16.7 

Ayvngv 

10.1 

17.6 

For  the  down-draft  plants  of  the  double-generator  type  the  figures 
reported  are  perhaps  not  sufficient  to  warrant  conclusive  deductions, 
but  when  compared  with  data  from  other  sources  they  make  apparent 
that  the  average  fuel  consumption  per  square  foot  of  fuel-bed  area  per 
hour  is  nearly  correct. 

FUBI.  CONSUMPTION  IN  DOWN-DRAFT  OAS  PRODUOEE  USING  LIGNrTE. 

Figures  procured  a  few  years  since  from  a  plant  using  lignite  in 
1,100-horsepower  units  of  the  down-draft  double-generator  type  indi- 
cated a  normal  fuel  rate  of  33  pounds  per  square  foot  of  fuel  area  per 
hour  for  16  hours  a  day,  and  the  imusual  rate  of  48  pounds  for  8  hours 
a  day.  This  instance,  however,  is  too  exceptional  to  be  regarded  as 
representative  of  general  practice. 

FUEL  CONSUMPTION  OF  DOUBLE-ZONE  PLANTS  USING  BITUMINOUS  COAL. 

Figures  showing  fuel  consumption  of  double-zone  gas  producers 
using  bituminous  coal  follow: 

Fuel  consumption  of  double-zone  gas  producers  using  bituminous  coal. 


Plant  No. 

Horsepower 
of  each 
gas  gen- 
erator. 

Area  of 
fuel  bed. 

Fuel  as  fired  per  square 
foot  of  fuel-bed  area 
per  hoar. 

As  rated. 

As  actually 
operated. 

2 

250 
600 

Squanfeet. 

POIMUb. 

24.0 
17.0 

PmtndM, 
10.3 

8 
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As  operating  returns  were  received  for  only  one  double-zone  plant, 
no  definite  direct  deductions  can  be  made,  but  a  review  of  the  results 
of  tests  of  such  a  plant  indicates  the  rate  of  fuel  consumption  under 
test  conditions  to  be  not  far  from  15  pounds  per  square  foot  of  fuel- 
bed  area  per  hour  with  bituminous  coal  and  23  pounds  with  lignite. 

CONCLUSIONS  REGARDING  COAL  CONSUMPTION. 

A  study  of  the  operating  reports  submitted  indicates  that  the  aver- 
age rate  of  fuel  consumption  in  produoer-gas  plants  is  considerably 
higher  than  a  few  years  ago.  This  betterment  is  due,  perhaps,  to 
two  reasons — ^first,  a  more  efficient  operation  of  the  plants  themselves, 
and,  second,  an  increasing  tendency  to  use  higher  grade  fuel.  The  first 
result  is  to  be  commended,  but  the  second  should  be  deplored. 

Although  too  much  stress  must  not  be  laid  on  the  following  values,* 
the  deductions  from  the  operating  figures  supplied  above,  coupled 
with  personal  observation  of  many  other  plants,  seem  to  indicate  the 
following  approximate  values  for  fuel  consumption  per  square  foot 
of  fuel-bed  area  per  hour  as  representative  of  good  general  commercial 
practice. 

Figwrea  for  fuel  consumption  in  gas  producers  representing  good  general  practice. 


Fuel  consumption  per  sqiuire  foot  ci  fuel-bed  area  per  hour  with— 

Kind  of  plant. 

Anthracite  coal. 

Bituminous  coal. 

Lignite. 

Peat. 

Wood. 

Arerage. 

ICaxi- 

mum. 

Average. 

ICaxi- 

mum. 

Average. 

Maxi- 
mum. 

Average. 

Average. 

Up-draft  using— 

Fuel  as  fired 

Fuel  dry 

Down-draft  using— 
Fuel  as  fired 

Poundt. 
10.0 
10.0 

Poundt. 
14.0 
18.5 

Poundt. 
8.5 
8.0 

17.5 
16.5 

13.5 
12.5 

Poundt. 
14.0 
13.0 

23.5 
22.0 

18.5 
17.5 

Poundt. 

12.0 

8.6 

3S.6 
18.5 

21.5 
15.0 

Poundt. 
17.0 
12.0 

81.5 
22.0 

27.0 
19.0 

Poundt. 
15.0 
12.0 

35.5 
25.5 

Poundt. 
14.0 

Fuel  dry 

• 

Fuel  as  fired 

Fuel  dry 

POUNDS  OF  FUEL  FEB  HORSBFOWBB-HOUB. 

Producer-gas  investigations  of  the  United  States  Geological  Sur- 
vey and  of  the  Bureau  of  Mines,  conducted  with  plants  not  above  the 
average  in  efficiency,  showed  the  following  approximate  fuel  consump- 
tion per  brake  horsepower  per  hour: 

Results  of  producer-gas  investigations ^  ahomng  fuel  consumption  per  brake  horsepower 

per  hour  with  different  fuels. 


Fuel  consumption  per  brake  horsepower-hour  with — 

Condition  of  fuel. 

Bituminous  coal. 

Lignite. 

Peat.a 

Average. 

Maxi- 
mum. 

Mini- 
mum. 

Average. 

Maxi- 
mum. 

Mini- 
mum. 

Average. 

Fired 

Poundt. 
1.3 
1.2 

Poundt. 
2.0 
1.8 

Poundt. 
0.8 

.8 

Poundt. 
2.0 
1.63 

Poundt. 
2.8 
2.02 

Pound*. 
1.5 
1.35 

POttlMb. 

2.6 

I>rT 

2.0 

*'•  J. ....... •--•-. .-..-••••••••. 

a  One  sample  only  of  peat. 
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Although  these  figures  were  procured  during  the  progress  of  r^u- 
lar  testSy  the  conditions  outlined  in  previous  reports  of  the  Bureau  of 
Mines  indicate  clearly  that  equally  good  results  should  be  readily 
obtained  in  the  average  commercial  producer-^as  plant.  With  this 
in  mind,  the  following  results,  reported  by  the  operators  and  owners 
of  several  plants,  are  of  peculiar  interest : 

Rendu  of  operation  of  producer-g(u  plants  showing  fuel  consumed  per  brake  horsepower' 

hour  v}ith  different  fuels. 

ANTHRACITE  COAL. 


Plant  No. 

Horse- 
power of 
each  gas 
generator. 

Total 
horse- 
power 
of  plant. 

Heat  value 

of  fuel 

as  fired. 

Fuel  fired  per  brake 
horsepower4iour. 

Rating. 

Operating. 

14 

75 
300 
800 
400 
300 
160 
250 

150 
300 
300 
400 
600 
640 
1,500 

B.t.u. 

Poundt. 
1.67 
1.00 
1.25 
1.35 
1.23 
1.25 
1.20 

Pounds. 

19 

1  30 

96 

1.30 

16 

18 

9 

1.50 

M 

1.26 

Avenge 

1.26 

1.34 

BITUMINOUS  COAL. 


29 

20 

3 

37 

17 

33 

27 

22 

12.... 

85.... 
39 

25 


28. 

8.. 

23. 
31. 


Average. 


{ 


300 
250 
200 
200 
250 
250 
250 
500 
200 
300 
250 
370 
300 
400 
250 
375 
500 
500 
800 
1,500 
1,500 


200 
250 
400 
400 
500 
500 
500 
500 

1,000 

1,000 
1,100 

1,400 

1,500 

1,750 


} 

} 
} 

}         4,200 

6,000 
9,000 


14,800 
14,000 
12,520 
14,870 
14,535 
14,770 

12,300 

14,835 
14,500 


13,750 

12,270 

13,740 
11,540 


1.10 
L26 
L25 


L30 
1.20 
1.10 
1.00 

L30 

L20 
L37 

LIO 

2.80 

1.20 


L30 


1.00 


2.40 
1.66 


LOO 


L20 

L40 

LOO 
L80 

L40 

2.00 

LOO 


LOO 

L20 

LIO 
.80 

L15 

L40 


LIGNITE. 


4 

100 
100 
300 
200 

100 
100 
300 
400 

7,440 

2.25 

2.50 

7 

2L40 

38 

2.00 

31 

11,400 

L50 

3.00 

Average 

2.48 

WOOD. 


13 

{ 

150 
200 
280 

} 

150 
1,040 

4.00 
2.50 

26 

5,400 

3.33 
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A  more  direct  comparison  between  the  results  of  commercially 
operated  plants  and  those  obtained  at  the  Government  testing  sta- 
tion may  be  had  by  an  inspection  of  the  following  tabulation: 

Comparative  retuUs  of  operating  producer-gas  plants  by  the  Government  and  by  eommereial 

companies. 


Fuel  oonsomed  per  braka  horsepower-boor  wlih— 

Operator. 

Anthracite. 

Bituminous  ooal. 

lignite. 

Peat.a 

Woodo 

Aver- 
age. 

Maxi- 
mum. 

lUnl- 
mum. 

Aver- 
age. 

Maxi- 
mum. 

Mini- 
mum. 

Aver- 
age. 

Maxi- 
mum. 

Mini- 
mum. 

Aver- 
age. 

Aver- 
age. 

Bureau  of  ICines 

Lbs. 

Lb», 

Lb», 

Lte. 
1.8 

1.4 

Lb». 
2.0 
2.4 

Lb». 
0.8 
1.0 

Lbi, 
2.0 
2.6 

Lb». 
2.8 
3.0 

Lb$. 
1.6 
2.0 

JUf. 
2.6 

Lbt. 

Comnurcial  plants 

1.3 

1.6 

1.3 

8.3 

a  One  sample  only  used. 

Figures  showing  the  heat  value  of  the  fuel  and  the  actual  con- 
sumption of  fuel  as  fired  per  horsepower-hour  for  different  plants 
follow: 

Heat  value  of  fuel  used  at  different  gas  producers  and  fuel  oonsymption  per  horsepou>er- 

hour. 


Plant  No. 


4. 

81 
8. 
12 
23 
28 


Heat 

value  of 

fuel. 


B.  t,  II. 
7,440 
11,400 
12,270 
12,300 
13,740 
13,750 


Fuel  fired 

perhorse- 

power- 

Tiour. 


Poundt, 
2.fi0 
8.00 
1.20 
1.40 
1.16 
1.00 


Plant  No. 


87 
33 
22 
3. 
35 


Heat 

value  of 

fuel. 


B,  t.  tt. 
14,000 
14,370 
14,770 
14,800 
14,836 


Fuel  fired 

perhorse- 

power- 

lioar. 


PotMdi. 
1.65 
1.00 
1.20 
2.40 
1.00 


It  is  at  once  evident  that  there  is  no  direct  relation  between  the 
independent  results  obtained  by  different  operators  and  the  heat 
value  of  the  fuel  used.  This  lack  of  relationship  is  to  be  expected,  as 
iQdividual  plant  conditions  are  so  radically  different  and  producer- 
gas  power  is  relatively  so  new  that  some  plants  are  necessarily  much 
more  efficiently  operated  than  others,  a  fact  convincingly  borne  out 
by  a  personal  inspection  of  a  large  number  of  plants.  Even  plants 
owned  by  the  same  corporation,  situated  iq  the  same  district  and 
using  the  same  general  grades  of  fuel,  may  bear  little  relation  to  each 
other  in  the  results  obtained.  In  one  plant  after  the  power  used  had 
been  changed  from  steam  to  producer  gas  the  cost  per  ton  of 
finished  product  was  reduced  to  less  than  one-half  of  the  former 
cost,  whereas  in  another  plant  controlled  by  the  same  company 
the  cost  per  ton  of  finished  product  was  practically  doubled  after 
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a  similar  introduction  of  producer  gas.  The  difference  in  the  two 
results  seems  to  have  been  due  to  the  difference  in  the  methods  of 
the  superintendents  in  charge.  One  superintendent  was  a  live,  wide- 
awake man  who  believed  it  essential  to  have  his  power  plant  kept  in 
perfect  condition  for  the  successful  manufacture  of  his  product.  As 
a  result,  he  has  never  shut  down  for  want  of  power. 

The  other  superintendent  felt  that  the  power  plant  ought  to  take 
cafe  of  itself.  The  appearance  of  the  plant  testified  plainly  to  his 
expressed  views  and  serious  shutdowns  were  frequent. 

DBPTH  OF  FUEL  BED. 

Data  supplied  by^  various  producer-^as  companies  regarding  the 
depth  of  fuelbed  used  follow: 

Data  regardmg  depth  of  fuel  bed  used  in  varUnu  producer-gat  plants. 

■ 

UP-DBAVT  PLANTS. 

PLANTS  BURIONO  ANTHBACITS  COAL. 


Plant  No. 


Orate  area. 


Approzls 
mate  quan- 
tity of  fael 
burned 
per  boor. 


Deptbof 
bed. 


14... 

6 

35... 

a... 
«... 

19... 
1»... 


awarefeet. 
7.1 
12.0 
13.6 
44.2 
88.5 
8&5 
44.2 
66.6 


PottlMb. 

125 
160 


200 


800 
300 
50O 


Ftel, 
4 

2.5 
8 
6 

2.75 
2 
10 
4 


PLANTS  BURNING  BITUMINOUS  COAL. 


37. 
3.. 
30. 
25. 
25. 
21. 
17. 
5.. 
31. 
13. 


23.7 

165 

25.0 

190 

50.2 

800 

40.0 

840 

50.0 

425 

50.0 

435 

33.1 

450 

70.9 

500 

78.0 

680 

210.0 

2,750 

2 

3 

1.5 

2.5 

2.5 

1.75 

4 

3 

1.75 

6.5 


PLANTS  BURNING  LIGNITE. 

15 

4 

4 

19.6 
41.3 

38.5 

225 
350 

570 

2 

38 

6.5 

11 

1.5 

PT,ANTB  BURNING  WOOD. 

13 

50.3 
50.3 

605 
725 

8 

96 

7 
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Data  regarding  depth  o/ftiel  bed  used  in  various  producer-gas  plants — Contmued. 

DOWV-DBAFT  PLAHTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 


Plant  No. 


20. 
22. 
27. 
85. 


8.. 
23. 


Grate  area. 


Squarefeet. 


17.4 
17.4 
20.4 
50.0 
36.0 
60.0 


Approxl- 

maUqaan- 

tltyoifuel 

burned 

I>erliour. 


220 
250 
205 
300 
625 
1|200 
1,400 


Depth  of 
bed. 


Fe€t. 


5 
5 
6 
12 
6 

8.5 
0 


DOUBLB-ZOirE  PLAITTS. 

PLANT  BURNING  BITUMINOUS  COAL. 


12 


PLANT  BURNING  LIGNITE. 
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COMPOSITION  OF  QAS. 

The  composition  of  producer  gas  varies  with  the  type  of  producer, 
the  methods  and  skill  used  in  operating  it,  the  uniformity  and  regu- 
lation of  the  air  and  steam  supply,  the  kind  and  quality  of  fuel  used, 
the  depth  of  fuel  bed,  the  distribution  of  the  fuel,  and  the  tmiformity 
in  size  of  the  fuel.  The  variations  in  the  composition  of  producer 
gas  under  diflferent  operating  conditions  are  readily  shown  by  the  fol- 
lowing results  of  analyses  of  the  gas  produced  in  different  plants. 

Results  of  analyses  of  gas  from  different  types  of  gas  producers. 

[Results  represent  per  cent  by  volume.] 

X7P-DKAFT  PUUTTS. 

PLANTS  BURNING  ANTHRACITE  COAL. 


Plant  No. 

CO 

CH4 

C2H4 

Hi 

COa 

0, 

N, 

14 

24.0 
21.4 

12.0 
10. 0 

3.5 
7.5 

0.2 
.3 

60.3 

10. 

51.8 

ATTBfltte  •••••■...•.■•....■ 

2^7 

15.5 

5.5 

.3 

50.0 

PLANTS  BURNING  BITUMINOUS  COAL. 


87 

27.5 
25.0 
21.8 
23.6 
24.0 

2.2 
4.3 
2.8 
4.4 
4.0 

0.7 
.0 
.0 
.0 
.0 

6.5 
14.0 
11.3 
14.2 
11.6 

2.9 
5.2 
6.4 
4.9 
4.6 

0.2 
.9 
.4 

1.3 
.0 

00.0 

17 

50.O 

39 

57.3 

25 

51.6 

21 

55.2 

AvBTSflS.  •••....... 

24.4 

3.7 

.1 

11.6 

4.8 

.6 

54.8 

COMPOSITION  OF  GAS. 
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HenUU  of  analyBes  of  ga»from  different  typea  of  gas  producers— CoaiiiLued. 

irP-DBAFT  PUUTTS-Continoed. 
PLANTS  BURNINO  LIGNITE. 


Plant  No. 

CO 

CH4 

cyi4 

Hi 

COi 

0, 

N« 

38. 

11 

16.2 

a  21.0 

6  0.8 

5.0 

0.0 

25.0 

6.9 

6.6 

16.6 

1.3 
2.5 
3.2 

45.4 

11 

PLANT  BURNING  WOOD. 


13.6 


8.0 


0.0 


4.0 


12.0 


0.0 


6L7 


DOWV-DBAVT  PLAVTS. 

PLANTS  BURNING  BITUMINOUS  COAL. 


35 

24.0 
21.2 
25.6 

1.6 

3.0 

.0 

0.0 

.0 

1.0 

14.3 

0.3 

13.6 

2.0 
5.0 
5.0 

0.2 
.3 
.0 

67.0 

8 

61.2 

a4..^_        

54.8 

AvonMBB 

23.6 

1.5 

.3 

12.4 

4.0 

.2 

58.0 

KB  «  v^    V  '  .................. 

DOTTBLE-ZOITE  PLANTS. 

PLANT  BURNING  BITUMINOUS  COAL. 


23.2 


2.8 


0.0 


n.o 


6.2 


1.1 


55.7 


PLANT  BURNING  LIGNITE. 


31. 


10.4 


3.8 


0.0 


17.2 


15.4 


0.4 


52.8 


i 


OIL-OAS  PLANTS. 

PLANTS  BURNING  CRUDE  OIL. 


PtooftNo. 

CO 

cm 

HiS 

C^y 

Hi 

COi 

0, 

N, 

10 

10.2 
7.4 

6.1 
12.7 

0.0 
3.1 

3.8 
2.6 

10.6 

6.1 
4.5 

0.0 

63.2 

30 

00.3 

a  No  steam. 


b  With  steam. 


The  averages  of  several  tjrpical  analyses  of  producer  gas  from  the 
Bureau  of  Mines  testing  plant  and  the  averages  of  the  figures  pre- 
sented for  plants  in  commercial  operation  are  given  below.  Attention 
is  called  to  the  fact  that  the  analyses  may  not  be  strictly  comparable, 
because  methods  of  analyses  may  have  differed  slightly. 
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OPEBATING  DETAILS  OF  GAS  PBODUCEBS. 


Average  results  of  analyses  of  producer  gas  from  Bureau  of  Mines  testing  plants  and  from 

commercial  plants. 

[Results  represent  per  cent  by  volume.] 
UP-DEAFT  PLANTS. 


Gas  from 
anthracite  coal. 

Gas  from  bitu- 
minous coal. 

Gas  from  lignite. 

Gasfrompeat.a 

Gas  from  wood.a 

CoDStitttent. 

Bureau 

of 
ICines. 

Com- 
mercial 
plants. 

Bureac 
of 

llines. 

Com- 
mercial 
plants. 

Bureau 

of 
Mines. 

Com- 
mercial 
plants. 

Bureau 

of 
Mines. 

Com- 
mercial 
plants. 

Bureau 

of 
Mines. 

Com- 
mercial 
plants. 

Carbon    monoxide 
(CO) 

22.7 
.0 
.0 

15.5 

5.5 

.3 

56.0 

18.28 

3.12 

.18 

12.90 

9.84 

.04 

55.64 

24.4 
3.7 

11?6 

4.8 

.6 

54.8 

21.00 
2.20 

.40 
18.50 
12.40 

.00 
45.50 

21.0 

2.2 

^4 

18.5 

12.4 

.0 

45.5 

13.6 

Methane  (CH4) 

8.0 

Ethylene  (CA) 

.0 

HTiuoflen  (Hi) 

4.0 

Carbon  dioxide  (COi) 

12.9 

Oxygen  (Oi) 

.0 

Niteogen(N|) 

61.7 

a  One  sample  only. 
DOWN-DRAFT  PLANTS. 


Gas  from 
anthracite  coal. 

Gas  from  bitu- 
minous coal. 

Gas  from  lignite. 

Gasfrom  peat. 

Gas  from  wood. 

CoiDstituent. 

Bureau 

of 
Mines. 

Com- 
mercial 
plants. 

Bureau 

of 
Mines. 

Com- 
mercial 
plants. 

Bureau 

of 
Mines. 

Com- 
mercial 
plants. 

Bureau 

of 
Mines. 

Com- 
merrJal 
plants. 

Bureau 

of 
Mines. 

Com- 
mercial 
plants. 

Carbon    monoxide 
((30) 

19.1 

1.1 

.0 

11.4 

7.6 

.2 

60.6 

23.6 

1.5 

.3 

12.4 

4.0 

.2 

58.0 

15.0 
1.7 

.0 
13.3 
11.5 

.2 
58.3 

14.8 
L5 

.1 
13.3 
12.9 

.6 
56.8 

Methane  (CH() 

Ethylene  (CJftEu) 

. 

HydroRen  (Hi) 

Carbon  dioxide(c6i) 
Oxygen(Oi) 

' 

Nitoo«n(Nt) 

HEAT  VALUE  OF  aAS. 

Figures  showing  the  heat  value  of  the  gas  from  different  fuels 
determined  from  the  average  of  a  lai^e  number  of  tests  reported  by 
the  Bureau  of  Mines  and  also  from  the  figures  submitted  by  the  oper- 
ators of  plants  in  commercial  operation  are  presented  below: 

Average  heat  values  of  gasfrom  different  fuels  when  used  in  various  types  of  gas  producers. 

[Figures  represent  British  thermal  units  per  cubic  foot  of  gas.] 

UP-DRAFT  PLANTS. 


Location  of  gas  pro- 

(}asfirom an- 
thracite ooaL 

Q9A  itom  bitu- 
minous ooal. 

Gas  from  lignite. 

Gas  from  peat. 

Gas  fh>m  wood. 

ducer. 

Aver- 
age. 

Maxi- 
mum. 

Aver- 
age. 

Maxi- 
mum. 

Aver- 
age. 

Maxi- 
mum. 

Aver- 
age. 

Maxi- 
mum. 

Aver- 
age. 

Maxi- 

Bureau    of    mines 
testing  station 

• 

152 
151 

176 
175 

158 
157 

188 
185 

0175 

(}omnMrcial  plmts . . 

138 

•  133 

a  One  sample  only. 


CUBIC  PEET  OF  GAS  PEE  POUND  OF  FUEL. 
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Average  heal  values  of  gas  from  different  fueh  when  used  in  variouB  types  of  gas  pro- 

aucers — Continued . 


DOWN-DRAFT  PLANTS. 


Location  of  gas  pro- 

Gas from  an- 
thracite coal. 

Oas  from  bitu- 
minous coal. 

Gas  from  lignite. 

Gas  from  peat. 

Gas  l^m  wood. 

ducer. 

Aver- 
age. 

MaxS- 

mom. 

Aver- 
age. 

Maxi- 

miun. 

Aver- 
age. 

Haxl- 
miun. 

Aver- 
age. 

Maxi- 
mum. 

Aver- 
age. 

Maxi- 
mum. 

Buraaa    of    mines 
testing  station 

no 

133 

123 
130 

Ill 

127 

a  115 

a  119 

Coonnflircial  nlants . . 

DOUBLE-ZONE  PLANTS. 


Bureaa    of    mines 
testing  station 

• 

Cdnxmercial  plants . . 

(*) 

118 

OIL-GAS  PLANTS. 


Bureau    of    mines 
test  imr  station. ... . 

Gommerciai  plants . . 

«215 

«230 

a  Two  samples  onlv. 

b  Tests  indicate  this  figure  to  be  approximately  115. 

e  Figures  represent  two  plants  borning  crude  oil. 


CX7BIC  FBET  OF  OAS  FEB  POUND  OF  FUEL. 

Tabulated  data  showing  the  quantity  of  producer  gas  available 
from  various  fuels  used  in  the  different  types  of  plants  follow: 

Average  quantities  of  gas  prodiLcedfrom  different  fuels  in  different  types  of  gas  producers. 
[Figures  represent  cubic  feet  of  standard  (00*  F.  and  30  inches  of  mercury)  gas  per  pound  of  fuel.] 

UP-DRAFT  PLANTS. 


Gas  from  bituminous 
coal. 

Gas  from  lignite. 

Gas  ttom  peat. 

T^ocatkm  of  gas  producer. 

As  fired. 

Dry. 

As  fired. 

Dry. 

As  fired. 

Dry. 

Aver- 
age. 

Maxi- 
mum. 

Aver- 
age. 

Maxi- 
mum. 

Aver- 
age. 

Maxi- 
mum. 

Aver- 
age. 

Maxi- 
mum. 

Aver- 
age. 

Maxi- 
mum. 

Aver- 
age. 

Maxi- 
mum. 

Bureau  of  mines  testing 
station 

61 
75 

101 
96 

65 

104 

36 

46 

46 

53 

a30 

a38 

Commercial  plants ......... 

DOWN-DRAFT  PLANTS. 


Bureau  of   mines   testing 
station 

65 
79 

80 
82 

68 

82 

36 

44 

52 

61 

629 

b31 

biO 

&44 

nnmnMtrpiAl  plants 

a  One  sample  only. 
43186*'— Bull.  109—16 3 


b  Two  samples  only. 
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OPERATING   DETAILS  OF  GAS  PRODUCERS. 


TnCB  BETWEBN  FUEL  CHABGES  Ain>  WEIGHT  OF  FUEL  CHARGES. 

Figures  showing  the  time  between  fuel  charges  and  the  weight  of 
fuel  charges  in  the  various  types  of  plants  follow: 

Time  between  fuel  charges  and  weight  of  fuel  charges  in  different  types  of  gas  producers. 

X7P-BKAFT  PLAHTS. 
PLANTS  BURNING  ANTHRACITE  COAL. 


Plant  No. 

Horaepoww 
of  each  gas 
generator. 

0 

150 

leo 

250 

aoo 
aoo 
aoo 

350 

9.... 

82 

IS 

19 

36 

1 ^ 

Average 

fuelbunied 

per  hour. 


Pounii. 
iflO 


190 
300 

aoo 


Length  of 

Time  be- 

service per 

tween  fuel 

day. 

charges. 

Baw8. 

Bimn. 

24 

lto6 

24 

.5 

3to7 

2 

11 

24 

24 

6 

10 

10 

5toa4 

.6 

Weight  of 
fuel  charge. 


Poundt. 

aoo 

aoo  to  600 

400 
1^  to  2,400 
1,000  to  1,500 
2,000 

175 


PLANTS  BURNING  BITUMINOUS  COAL. 


3.. 
87. 
17. 
33. 
30. 

21. 

12. 


4.. 

7.. 
15. 
11. 
38. 


26. 


27. 
35. 

28. 

8.. 
23. 


{ 


200 

190 

200 

165 

250 

450 

250 

215 

370 

800 

650 

435 

1,000 

680 

2,500 

2,750 

24 
10 


} 


14 
24 

10 

24 


PLANTS  BURNING  LIGNITE. 


100 
100 
100 
250 
300 


225 
175 


570 
850 


8 
11 
14 
24 

24 


1 

.5 
4 

.75 
.17 

.13 

2.5 


2 

1 

2to3 

2  to  3* 


.33 


PLANT  BURNING  WOOD. 


{      SI} 


24 


0.5 


DOWV-BBAVT  VUJSTB. 
PLANTS  BURNING  BITUMINOUS  COAL. 


{ 


200 
250 
250 
375 
500 
800 
1,500 


} 


205 
300 

625 

1,200 
1,400 


24 
10 
10 

24 

24 
24 


0.5 
.25 
.17 

.17 

.25 
.00 


DOUBLE-ZOHS  PLAHTS. 
PLA^T  BURNING  BITUMINOUS  COAL. 


165 

80 

1,500 

250 

100 

100 

7,000 


500  to  800 
175 

200  to  300 
190 
900 


280 


110 
50 
50 

100 


250 


310 


21 


ltoL5 


700 


TIME  BETWEEN  POKIKGS  OP  FUEL  BEI>. 
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TZMB  BBTWEEN  POXXNOS  OF  FUEL  BSD. 

Tabulated  data   showing  the  time  between  pokings  of  the  fuel 
bed  in  the  various  types  of  plants  are  presented  below: 

Time  between  pokings  of  fuel  bed  in  different  types  of  gas  producers. 

UP-BKAFT  PLAVTS. 

PLANTS  BURNING  ANTHRACITE  COAL. 


Plant  No. 

Area  of 
fuel  bod. 

Depth  of 
faelbed. 

Appraz* 

imate 

amount  of 

fuel  burned 

per  hour. 

TlmA 
between 
IMklngs. 

14 

SqtMrefeet. 
7.1 
12.6 
13.6 
44.2 
38.5 
44.2 

Feet. 
4 

2.5 
3 
6 
2 
10 

Poundt. 
125 
160 

Bonn, 
1 

9 

.75 

6 

3toO 

36 

20O 
300 
300 

10 

34 

1 

19 

8 

1 

1 

16 

56.6 

4 

500 

6 

PLANTS  BURNING  BITUMINOUS  COAL. 


37 

23.7 
25.0 
40.0 
50.0 
33.1 
28.3 
70.0 
78.0 
210 

2 
3 

2.5 
L75 

4 

165 
190 
340 
435 
450 
215 
500 
680 
2,750 

10 

3 

.33 

25 

4 

21 

.75 

17 

1 

33 

2 

5 

3 

1.75 

6.5 

1 

21 

.75 

12 

12 

PLANTS  BURNING  LIGNITE. 


15 r. - 

4 

1 

4 

20.4 
10.6 
38.5 

175 
225 
570 

12 

4 

2 
L5 

2 

11 

12 

PLANTS  BURNING  WOOD. 


13 

sa3 

50.3 

8 
7 

605 
725 

0.25 

» 

.16 

DOWV-DHAFT  PLANTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 


29 

5 

5 

6 

12 

8.5 
9 

220 
250 
295 
300 
1,200 
1,400 

1 

22 

17.4 
17.4 
20.4 
36.0 

6ao 

(a) 

27 

.5tol 

35 

3 

8 

''^    .s 

23 

DOITBLE-ZOirE  PUUTTB. 
PLANT  BURNING  BITUMINOUS  COAL. 


PLANT  BURNING  LIGNITE. 


31. 


a  Not  poked. 


34  OPEBATING  DETAILS  OF  GAS  PRODUCERS. 

TB0X7BLE  FBOM  HOLES  AND  CHANNELS  IN  FUEL. 

Data  supplied  by  owners  or  operators  regarding  trouble  from 
holes  and  channels  in  the  fuel  bed  in  the  various  types  of  plants  are 
presented  below.  The  numbers  precedmg  each  paragraph  refer  to 
plant  nimibers  assigned  by  the  author: 

DcUa  regarding  holes  and  channels  in  full  bed. 
Up-draft  Plants. 
Plaats  burning  anthracite  coal. 

1.  Causes  back-firing  trouble. 

6.  Little  trouble  from  holes  and  channels. 

9.  Little  trouble,  because  we  use  sufficient  producer  capacity. 
14.  Not  serious.    Holes  easily  closed. 

16.  Considerable  stoking  required  at  times. 

19.  No  trouble. 

20.  Permit  gas  to  bum  in  producer. 

32.  Shut  the  engine  down. 

34.  Make  weak  gas. 

36.  No  trouble. 

Plants  burning  bituminous  coal. 

3.  Cause  poor  gas  and  clinker. 
5.  Little  trouble. 

12.  No  trouble  when  producers  have  proper  attention. 

17.  No  trouble. 

21.  Cause  much  trouble. 

25.  No  trouble. 

33.  Not  appreciable. 

37.  Cause  weak  gas. 

39.  Serious.    Necessitating  laborious  work  to  keep  the  fire  even  throughout  the  bed. 

Plants  burning  lignite.^ 

4.  Occasional,  but  never  serious. 

7.  Destroys  gas. 

11.  No  trouble.    Dropping  fuel  on  ^re  keeps  it  down. 

38.  Very  little.    Never  have  this  trouble,   as  little  work  keeps  the  fuel  bed  in 
fine  shape. 

Plants  burning  wood. 

13.  Permit  unfixed  oxygen  to  reach  top  of  fuel  bed,  causing  burning. 

26.  No  trouble. 

DOWN-DBAFT    PLANTS. 

Plants  burning  bitimiinous  coal. 

8.  No  trouble. 

20.    Permits  gas  to  bum  in  producer. 

22.  No  trouble. 

23.  Do  not  let  them  occur. 

24.  Readily  noticeable  on  recording  calorimeter.  Believed  to  have  affected 
results  serioudy. 

27.  Fire  must  be  closely  watched  and  fuel  chaiged  lightly. 

28.  No  trouble. 

29.  Considerable.    At  times  had  to  shut  plant  down. 

35.  No  trouble. 

Double-zone  Plants. 

'^  Plants  burning  bituminous  coal. 

2.  Quite  serious. 
8.    No  trouble. 


METHODS  OF  OVEBCOMING  VARIATIONS  IN  QUALITY  OF  GAS.       35 
MSTHODS    OF   OVSBCOXINa   VABIATIONS   IN  QVAUTY  OF  QAS. 

Data  supplied  by  owners  or  operators  regarding  methods  of  over- 
coming variations  in  the  quality  of  the  gas  yielded  by  the  various 
types  of  gas  producers  follow: 

Daia  regarding  methods  uudfor  overcoming  variations  in  gas  qiuility  in  various  types  of 

gas  prodtu^s. 

trP-DBAVT  PLAHTS. 
PLANTS  BURNING  ANTHRACITE  COAL. 


Plant 

Horsepower  of  each 

Remarks  of  owner  or  operator  regarding  methods  used  to  overcome  varia- 

Na 

gas  generator. 

tions  in  quality  of  gas. 

14 

75 

None. 

6 

150 

Variation  of  steam  feed. 

9 

160 

None. 

20 

200 

Suction  producer,  none;  pressure  producer,  gasometer. 

32 

250 

Change  setting  of  mixing  valve  on  engine. 
Automatic  vapor  control  and  proper  cleaning  methods. 

19 

300 

36 

300 

Automatically  controlling  steam  supply  to  producer. 

15 

400 

Producer  automatically  regulated. 

PLANTS  BURNING  BITUMINOUS  COAL. 


3 

200 

Oas  holder. 

37 

200 

By  keeping  fires  regular  gas  quality  varies  but  very  little. 

17 

250 

None. 

33 

260 

Do. 

39 

2S 

870 
300,400 

None,  except  best  possible  attention  to  producer  fuel  bed. 
Hand  regulation  of  air  temperature  admitted  to  ash  bed. 
None,  except  to  reprimana  gasmen. 
Keep  bed  tight,  uniform,  and  free  from  air  pockets. 
Oas  quality  checked  by  recording  calorimeter. 

21 

650,1,000 

5 

1,000 

12 

200,300,2,500 

PLANTS  BURNING  LIGNITE. 


4.. 
7.. 
15. 
11. 

38. 

26. 


Change  mixture  at  engine. 

Adjustment  of  levers. 

More  or  less  free  air. 

Mixing  valves  on  engines.    Gas  constant  except  when  cleaning  fires. 

Nome.    Little  variation. 


PLANT  BURNING  WOOD. 


None. 


DOWir-DKAFT  PLANTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 


Close  attention  to  fire. 

Keep  fires  and  scrubbers  clean. 

20,0(j(Mubic  foot  gas  holder. 

None,  except  with  fires  in  generators  and  mixing  in  gas  holders. 

Water  gas  run  to  regulate  temperature  of  fires. 

None  other  than  holder. 

Mixture  of  gas  from  different  producers.    Careful  watching  of  fires. 


I      


DOUBLB-ZONS  PLANTS. 
PLANT  BURNING  BITUMINOUS  COAL. 


None. 
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OPERATING  DETAII^  OF  GAS  PRODUCERS. 


Data  regarding  methods  used  for  overcoming  variations  in  gas  quality  in  various  types  oj 

gas  producers — Continued. 


DOITBLX-ZOVZ  PLAHTft-CQiitJnued. 
PLANT  BURNING  LIGNITE. 


Plant 
Mo. 


Horsepowerofeach 
gas  geneFBtar. 


Remarks  of  owner  or  op««tor  regarding  methods  used  to  overcome  vari»r 

tlons  in  quality  of  gas. 


Change  mixing  valves  on  engine. 


oiL-oAS  puorr. 

PLANT  BURNING  CRUDE  OIL. 


10. 


Variations  so  slight  that  governor  handles  them  easily. 


METHODS  OF  CLBANINQ  QAS  QENEBATOBS. 

The  owners  and  operators  of  producer-^as  plants  were  asked  to 
describe  briefly  their  method  of  cleaning  the  gas  generator;  they 
were  requested  to  state  the  time  and  the  number  of  men  required 
for  cleaning  each  unit.  Brief  abstracts  of  the  replies  received  are 
tabulated  below. 

Data  regarding  methods  of  cleaning  gas  generators  in  various  types  of  produoer-gas  plants, 

X7P-DRAFT  PLANTS. 

PLANTS  BURNING  ANTHRACITE. 


Plant 
No. 


14. 
6.. 

9.. 
32. 
19. 

36 
1. 
16. 

3 

37 
17 
39 

25 

21 
5. 

12 


Horae- 

power  of 

each  gas 

generator. 


75 
150 

160 
250 
300 


300 
850 
400 


Total 
horse- 
power of 
plant. 


150 
450 

640 
500 
300 


300 
700 
400 


Remarks  of  owner  or  operator  regarding  methods  used  to  dean  gas 

generator. 


Coal  and  ash  pulled  through  doors  above  grate;  clinkers  removed  from 
^alls  by  bar  through  poke  hole;  3  hours '^time  of  1  man. 

Half  close  valve  between  moduoer  and  gas  main;  remove  all  ashes  be- 
tween grates  and  fire  with  hoe  and  poker;  poke  fire  down  and  add 
fresh  fuel;  1  hour's  time  of  1  man. 

Draw  ash  and  clinker,  allowing  fire  to  settle  down  to  grate;  one-half 
hour's  time  of  1  man. 

After  shutting  down  at  6  p.  m.,  ashes  raked  out  at  water  seal;  1  hour's 
time  of  1  man. 

Ash  removed  from  center  of  fire  by  rocking  grate  operated  by  com- 
pressed-air cylinder;  fine  ash  is  barred  from  lining  and  raked  out; 
2  hours'  time  of  1  man. 

Bar  Ibilng;  shake  grate;  1  hour's  time  of  1  man. 

Raked  out  from  bottom;  2  to  3  hours'  time  of  2  men. 

Ash  is  taken  out  at  two  intervals  in  24  hours;  1  to  2  hours'  time  of  1  man. 


PLANTS  BURNING  BITUMINOUS  COAL. 


Air  and  steam  cut  off  for  a  couple  of  days;  ash  and  coal  removed  through 

water  seal;  3  hours'  time  of  1  man. 
All  free  ash  is  removed  from  bed.  leaving  fire  bridged;  bed  is  then  broken 

down  and  producer  filled;  U  hours'  ume  of  2  men. 
Shaking  the  grates  and  pullmg  the  ashes;  three-fourths  of  an  hour's 

time  of  1  man. 
Remove  sufficient  ash  from  water  seal  to  let  bed  down  to  normal  level: 

work  loose  bed  down  to  new  level  with  poke  bars;  break  clinkers  ofi 

walls  and  smash  fine  with  chisel  bars  and  heavy  hammers;  12  hours' 

time  of  3  men  is  the  minimum, 
(a)  Clean   by  hand-operated  rotary  table;  (b)  clean  by  airdrlven 

shaking  grate;  5  minutes'  time  of  1  man;  clean  when  running. 
Not  much  of  this  to  do. 
Draw  ashes  tUl  bed  drops  1  foot;  poke  fire  till  solid;  li  hours'  time  of  I 

man.  • 

Twenty  minutes  to  1  hour's  time  of  1  man. 


METHODS  OF  CLEANING  OAS  QENEBATOBS. 
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Data  regarding  methods  of  cleaning  ga$  generators  in  various  types  of  producer-gas  plants — 

Continued. 

UP-D&AFT  PUUTTft— Continued. 
PLANTS  BURNING  LIGNITE. 


Plant 
No. 

Hona- 

powerof 

aaeheaa 

gmenlor. 

Total 

horae- 

poward 

plant. 

Ramarks  of  ownar  or  oparat(»'  ngardfaic  mathods  naad  to  daan  gas 

ganarator. 

i 

15 

11 

38 

100 
100 

260 
300 

100 
100 

500 
300 

Bom  low;  raka  and  daan  evarytUng  out;  6  hoon'  time  of  2  man. 

U  nm  3  days,  24  hours  par  day,  take  out  avarythlng;  if  run  14  houis  a 
day,  daan  avarv  day ;  for  3  days'  run,  3  hoora^  tima  of  1  man. 

Bar  nres,  and  taxa  out  aabas,  working  around  produoer  aavaral  timaa 
to  prevant  fire  dropping;  If  gaa  baoomea  weak,  stop  a  white;  U  houza* 
time  of  3  men. 

Run  fuel  bad  down  tills  or  4  feat  deep:  opanhoppan  and  all  pokahdaa 
and  draw  out  flra  batow;  flra  la  kfaKHad  by  layer  of  ahavings  and  fine 
wood  on  gratea  about  13  indies  deep;  oover  with  layer  of  4  indies  of 
good  dry  ooal;  aftw  well  U^tad,  fill  with  coal;  dosa  hoppers  and  poka 
holes,  smrting  gaa  washer  for  draft;  10  hours'  time  of  2  or  3  men. 

PLANTS  BURNING  WOOD. 


13. 
26. 


Producer  deanad  daily  by  removal  of  adiea;  aorubber  pit  deanad  aveiy 
hour  or  so  to  avoid  tar  dogging  the  main;  work  dona  by  1  man. 

Beds  lowered  by  ramoving  ash  onoa  a  month  throu^  water  seal;  8 
houo'  time  of  2  man. 


DOWV-DRAFT  PLAVT8. 

PLANTS  BURNING  BITUMINOUS  COAL. 


29 

27 

35 

28 

22 

8. 

23 
24 


200 

200 

2B0 

500 

260 

1,000 

375,500 

1,760 

500 
800 

500 
3,200 

1,500 

6,000 

1,600 

9,000 

Dig  out  from  bottom  and  pundi  down  from  top;  15  minutes'  time  ol  1 


Let  producer  stand  firom  Saturday  till  Monday;  spray  flra  with  water 

on  top  for  16  minutes;  let  stand  for  1  hour;  clean  everything  out; 

rediarga  with  2,000  poimda  of  ooka;  10  hours'  time  of  2  men. 
Fuel  and  ash  are  deanad  out  avary  2  weeks  and  new  fires  atartad;  4 

houn'  time  of  0  men. 
Clinker  aometimas  veir  hard  and  must  babrokan  with  bar  from  above; 

6  to  10  hours'  time  of  8  men  foreadi  pair  of  piodnoerk 
All  ash,  raftiae,  and  dinkers  removed;  5  hours'  time  of  8  man. 
Set  ia  cut  out;  cooled  with  water;  aahaa  removed;  dinkar  cut  down;  8 

hours'  tima  of  4  men. 
Water  sprayed  throush  diarging  door  directly  after  ran  till  lire  ia  ooolad; 

coke  withdrawn;  ashes  follow;  4  men,  3  davs,  10  hours  each. 
Power-gas  produoer:  Put  fire  out;  remove  ounker,  coke,  and  adi;  2  to  4 

daji'  time  of  3  to  5  men.    Heating-gas  producen  Throw  fire  to  one 

dde;  dean  grate;  throw  fire  back;  repeat  for  other  aide;  1  to  2  hours' 

time  of  1  man. 


DOUBLB-ZOITE  PLAVTS. 

PLANTS  BURNING  BITUMINOUS  COAL. 


2. 
8. 


Not  necessary  to  shut  down  to  clean. 

See  procedure  under  "  Down-draft  plants." 


OIL-OAS  PLAHT. 
PLANT  BURNING  CRUDE  OIL. 


30. 


Raise  stack  valve,  dint  off  blower,  remove  coke,  doaa  door,  torn 
blast,  adjust  oil,  and  lower  stack;  10  minutes'  time  of  1  man. 
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OPERATING  DETAILS  OP  GAS  PRODUCERS. 


SBBIOXrS  CLEANING  TBOI7BLES. 


Data  fumished  by  owners  and  operators  regarding  cleaning  troubles 
in  the  different  types  of  gas  producers  are  presented  in  the  tabulation 
following: 

Data  regarding  cleaning  troubles  in  various  types  of  gas  producers. 


X7P-BRAFT  PLAHTS. 
PLANTS  BURNING  ANTHRACriE  COAL. 


Plant 
No. 

HonepowBr 
of  each  gas 
generator. 

Total  hone- 

IMwerof 

plant. 

Remarks  of  owner  or  operator  regarding  cleaning  troubles. 

14 

6 

9 

32 

19 

le 

75 
160 
160 
250 
300 
400 

150 
450 
040 
500 
300 
400 

None. 

None.    Only  care  Is  to  guard  against  too  much  intake  air. 

Not  to  allow  ashes  and  clinker  to  work  up  along  walls. 

None. 

None. 

Taking  out  too  many  ashes,  allowing  bed  to  drop  too  low. 

PLANTS  BURNING  BITUMINOUS  COAL. 


3 

200 

400 

Little  trouble.    If  bed  hangs  it  may  bum  man  in  fiUling. 

37 

200 

400 

Occasional  difficulty  in  breaking  down  the  bridge;  then  must  drive  the 

bar  through  with  the  sledge. 
Impossibilitv  of  properly  breaking  up  and  settling  clinker  so  as  to  main> 

tain  even  fire. 

30 

370 

1,100 

6 

1,000 

4,000 

None. 

12 

2,500 

2,500 

None. 

PLANTS  BURNING  LIGNITE. 


15 

100 

100 

Clinker. 

11 

250 

500 

None  unless  fire  is  allowed  to  drop. 

38 

800 

300 

None.    Same  lining  in  producer  for  5  years.    Cleaning  out  hard  mixture 
of  tar  and  ash  deposit  in  gas  collector  and  scrubber  inlet  pipe  is  dirty 
work  and  takes  a  little  tinie. 

PLANTS  BURNING  WOOD. 


13. 
26. 


Filling  of  eas  main  by  tar.    This  is  burned  out  occasionally.    To  be  done 

away  with  by  improved  gas  cleaner. 
Tar. 


DOWir-DRAFT  PUUfTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 


20. 
27. 
35. 
28. 
22. 
8.. 
23. 
24. 


Poor  gas  and  sometimes  trouble  with  clinkers. 

Producer  can  not  be  cleaned  while  running. 

Heat  and  dirt. 

Hard  clinker. 

Chopping  down  clinker. 

None. 

None. 

Hard  clinker.    Loss  of  coke  and  thin  fire  to  start  next  run. 


DOUBLE-ZOirE  PLAHT. 

PLANT  BURNING  BITUMINOUS  COAL. 


8. 


None. 


OIL-OAS  PUUTT. 
PLANT  BURNING  CRUDE  OIL. 


30. 


The  rapidity  with  which  generator  must  be  cleaned.    Reserve  gas  supply 
limited. 


TIME  BETWEEN  PERIODS  OF  DRAWING  PRODUCER  FIRES. 
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TOCB  BETWBBN  PERIODS  OF  DB AWING  PBODXTCBB  FIBES. 

The  f  oUowing  tabulation  gives  data  regarding  time  between  periods 
of  drawing  producer  fires  in  the  various  types  of  gas  producers: 

Data  regarding  time  between  periods  of  drawing  producer  fires  in  various  types  of  gas 

produjcers, 

X7P-DRAFT  PUUTTS. 
PLANTS  BURNING  ANTHRACITE  COAL. 


Plant 
No. 

HorsBDOww 
of  each  gas 
gsnentor. 

Total 

horsepower 

ofpmnt. 

Remarks  of  owner  or  operator  regarding  time  between  periods  of 

diBwing  producer  fires. 

14 

ao 

75 

aoo 

250 

aoo 

300 
350 
40O 

150 

20  days. 
45  days. 

32 

19 

36 

1 

16 

500 
300 
300 
700 
400 

Present  fire,  8  months;  previous  fire,  4  years. 

Once  a  vear. 

Indefinite. 

14  days.    One  producer  each  week. 

Not  drawn. 

PLANTS  BURNING  BITUMINOUS  COAL. 

3 

37 

33 

200 

200 

250 

370 

650,1,000 

1,000 

2,500 

400 
400 

365  days. 
10  days. 
2  days. 

39 

a 

5 

12 

1,100 
3,650 
4,000 
2,500 

Fires  not  diawn  except  for  repairs. 
12  months. 
Every  third  day. 
6  months  to  1  year. 

PLANT  BURNING  LIGNITE. 


4.. 

38. 


120  days. 

About  once  a  year. 


PLANT  BURNING  WOOD. 


as. 


3  months  or  more. 


30. 


DOWir-DRAVT  PLAHTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 


29 

300 

200 

3  months. 

20 

350 
350 

45  days. 

6  days;  necessary  to  cut  unit  out  when  coke  is  80  to  00  per  cent  bu 

27 

600 

med 

out  and  producer  badly  clinkered. 

35 

250 

1,000 

12  days. 

2S 

22 

375,500 
500 

1,750 
500 

14  days. 
WeeKlv. 
10  to  15  days. 

8 

800 

8,200 

23 

1,500 

6,000 

13  to  17  days. 

24 

1,500 

9,000 

15  to  21  days. 

DOUBLX-ZOirE  PLANTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 


Do  not  draw  fires. 
10  to  15  days. 


PLANT  BURNING  LIGNITE. 


OIL-OAS  PLANT. 

PLANT  BURNING  CRUDE  OIL. 


Every  8  hours. 
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OPEBATING  DETAILS  OF  GAS  PBODUCEBS. 


KBTHODS  OF  SCBTTBBINa  ANJ)  CLBANIVa  QAS. 

Data  supplied  by  owners  and  operators  regarding  methods  of 
scrubbing  and  cleaning  the  gas  in  the  various  types  of  gas  producers 
follow. 

Data  regarding  methods  of  scrubbing  and  cUaning  gas  in  various  types  of  gas  producers. 

TTP-DRAFT  PLABTTS. 
PLANTS  BURNINO  ANTHRACITE. 


Horoo 

Plant 
No. 

power  of 
each  gas 

Replies  from  owners  or  operators. 

generator. 

6 

160 

Counter  flow  wet  coke  tower  scrubber  and  excelsior  dry  scrubber. 

20 

200 

Coke. 

34 

2S0 

Water  spray  dr4>iwd  through  coke. 

19 

300 

Static  washer. 

36 

300 

Static  scrubber.   CentrlAigal  tar  extractor. 

1 

3m 

Wood  cross  sections  through  which  water  flows. 

16 

400 

Coke  between  1  and  2  inches  with  water  sprajrs. 

PLANTS  BURNING  BITUMINOUS  COAL. 


8.. 
37. 
17. 
33. 
39.. 

2S.. 

21. 
6.. 

12. 


( 


200 
200 
250 
250 
370 

300,400 

680,1,000 
1,000 

200 

300 

2,500 


} 


liattloed  spray  scrubbers,  rotary  tar  extractors  and  purifiers. 

Rotary  water^Bt  scnibber. 

Smith  type  '^r  "  tar  extractors  connected  in  series. 

Preliminary  wet  scrubber,  counter  current.   Rotarv  scrubber  and  dry  scnibber. 

Cooled  in  first  pass  of  wet  scrubber,  passed  through  wooden  checker  work  which  is 

sprayed  with  water.    Passed  through  centrifugal  tar  extractor  to  holder. 
Cooling,  spraying,  and  tar  extracting.   Wood  centrifugal  tar  extractor  on  one  plant 

and  Smith  static  tar  extractor  on  the  other. 
SsAler  washers.    Four  coolers  with  water  sprav.   No  filling  In  coolers. 
Buffalo  scrubber.    No  dry  scrubber  used.    Qas  for  heating  purjxHes  and  not  for 

engines. 


Smith  t3rpe  "  F"  spun-glass  tar  extractors. 


PLANTS  BURNING  LIGNITE. 


Cooling  with  water  and  passing  throujdi  mechanical  scrubber. 

baffles  of  2-inch  oy  4-inch  timbers  placed  on  edge 


Gas  passes  through  b 

together,  14  feet  nigh.    Four  streams  of  water  flush  each  scrubber. 

through  tar  extractor. 
Spray  scrubber  and  mechanical  gas  washer  (tar  extractor). 


^.B^.  set  close 
Gas  then] 


PLANTS  BURNING  WOOD. 


26. 


Static  scrubber,  centrifugal  tar  extractor. 


DOWV-DRAFT  PLAHTS. 

PLANTS  BURNING  BITUMINOUS  COAL. 


29 
27 

35 
28 

22 

8. 
23 

24 


Cooled  with  water  spray.    Passed  through  ooke  with  water  running  over  it  and 

down  through  6  or  8  feet  of  straw. 
Scrubbers,  28  inches  in  diameter  by  14  feet,  each  with  seven  water  sprays.    Each 

exhauster  has  16  sprays,  throwing  water  at  40  pounds'  pressure  against  first  im- 
peller running  at  3,500  revolutlcHis  per  minute. 
Passed  through  wet  and  dry  scrubber,  coke  and  excelsior. 
Passed  throueh  wet  scrubber  and  then  exhauster  and  dry  scrubber.    One  wet  scni1>- 

ber  filled  with  excelsior,  other  with  coke.    Both  dry  scrubbers  filled  with  excelsior. 
Cooling  in  boiler,  wet  scrubber  and  dry  scrubber. 
Static  wet  scruboers  with  water  sprays,  dry  scrubber  with  excelsior. 
Gas  runs  down  center  of  cooler  throu^  spray,  up  inskie  of  shell,  through  sprays  and 

through  a  rotary  scrubber. 
Plant  A— through  vertical  boiler,  spray  cooler,  and  centrlfiigalscrubber.    Plant  B— 

gas  is  not  clean  except  from  one  producer.   Special  use.   Cooled  oenftrifugal  tar 

scrubber  and  dry  cleaner. 


TIMR  BETWEEN  BEKBWALS  OF  SCBUBBER  MATERIAL. 
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Data  regarding  methods  ofKrubbing  and  deamng  gas  in  various  types  of  gas  producers — 

Continued. 

DOITBLB-ZOVZ  PLAVTS. 

PLANTS  BURNING  BITUMIN0U8  COAL. 


Plant 
No. 

Hor9»* 

powvof 

each  gas 

gmentor. 

BepUn  from  ownen  or  operaton. 

2 

8 

3S0 

600 

Wet  serabber. 

Btatio  wet  scrubber  with  water  sprays.    Dry  scrubber  with  excelsior. 

31. 


PLANT  BURNING  LIGNITE. 


Water  spray. 


OIL-aJJi  PUOTTS. 

PLANTS  BURNING  CRUDE  OIL 


Static  scrubber  filled  with  baiBes  cleanlag  gas  to  about  1|  grains  per  cubic  foot.  Bul^ 
CeUo  Forge  centrifugal  scrubber  cleaning  to  about  0.02  grabi  per  cubic  foot.  Used  2 
years  without  sign  of  need  of  change. 

Gas  is  forced  through  three  turns,  10  Inches  by  18  feet,  against  a  gravity  flow  of  water 
running  over  ballle  plates. 


TIME  BETWEEN  BENEWALS  OF  SCBI7BBEB  XATEBIAL. 

The  owners  and  operators  questioned  furnished  Uttle  information 
relating  to  the  time  hetween  changes  in  the  scrubber  material  used 
in  the  producer-gas  installations.  The  few  plants  that  reported 
indicated  the  periods  to  be  as  follows: 

T^ime  hetween  remwals  of  scrubber  material  in  varicfos  types  of  producer-gas  plants. 

Up-draft  Plants. 


Plants  burning  anthracite  coal. 


Plant 
No. 


20. 

16. 

6. 


Time  between 

renewals  of  scrubber 

material,  months. 

12 


{ 


9. 
34 


12 

a  24  to  36 

fr   3to    6 

6 


Plants  burning  bituminous  coal. 


33 


48 


8 


12 2  to  6 

21 3 

Plant  burning  lignite. 
11 Never. 

Plant  burning  wood. 

26 1 Never. 

a  Coke.  b  Excelsior. 
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OPEBATING  DETAILS  OF  GAS  PRODUCERS. 


Down-draft  Plants. 
Plants  bumiBg  bituminous  coal. 


Plant 

No. 

29.. 


35 


22. 


Time  between 

renewals  of  scrubber 

material,  months. 

6tol2 

a    12 

5 

e     2 


{ 


8. 
24 


a  Coke. 


5  Excelsior. 


Top. 


11 

Itol} 

<i  Bottom. 


OPINIONS  BEGABDma  BCBXJBBINa  AND  CLBANING  BEStJI/TS. 

The  various  owners  and  operators  were  asked  whether  the  scrub- 
bing and  cleaning  results  in  their  producers  were  satisfactory,  and  if 
not,  why.    The  data  obtained  on  this  point  are  presented  below: 

Data  regarding  satUfactoriness  of  scrubbing  and  cleaning  results  in  varUyus  types  of  gas 

producers, 

trP-DRAFT  PUkVTS. 
PLANTS  BURNING  ANTHRACITE. 


Plant 
No. 


6.. 
9.. 
20. 
32. 
34. 
19. 
36. 
1.. 
16. 


Horsepower 
of  each  gas 
generator. 


150 
160 
200 
250 
250 
300 
300 
350 
400 


Remarks  of  owner  or  operator  regarding  aatisftustorineas  of  scrubbing  and  cleaning 

results. 


Satisfactory. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Fairly. 
Satlsractory. 


PLANTS  BURNING  BITUMINOUS  COAL. 


Satisfactory. 

Very  satisfactory. 

Not  satisfactory.    Considerable  tar  remains  In  gas  and  clogs  engine  -valTes. 

As  satisfactory  as  ever  observed  in  pressure  up-otraft  producer  uamg  bltumbioas  ooal. 

Satisfactory. 

Does  very  well,  though  gas  carries  tar  after  cleaning. 

For  heating  purposes;  not  for  gas  engines. 


[Entirely  satisfactory. 


PLANTS  BURNING  LIGNITE. 


4 

100 

Satisfactory. 

7 

100 

Do. 

11 

250 

Satisfactory.   Tar  gives  no  trouble  whatever  in  engine. 

88 

300 

Satisfactory.  Except  occasional  cleaning  each  3  to  4  months.  Tar  Is  of  soft  pareifln 
nature,  but  contains  a  resinal  substance,  and  when  dry  is  hard  to  remove. 

PLANTS  BURNING  WOOD. 


13. 
26. 


Not  satisfactory.    Are  weparing  more  complete  arrangements  to  recover  acids  and 

tars  for  utilization  and  for  elimination  of  condensed  matter  in  gas  mains. 
Not  satisfactory.    On  account  of  moisture  and  tar. 


MANKBB  IN  WHICH  TAB  GIVES  TBOUBLE. 
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Data  regarding  mtiijQXiarvMU  of  scrubbing  and  cleaning  results  in  various  types  of  gas 

producers--Contin\ied . 


DOWV-DBATT  PUUTTS. 

PLANTS  BURNINO  BITUMINOUS  COAL. 


Flint 
No. 

29 

27 

35 

28 

22. 

8 

23 

24 


200 

250 

250 

375,500 

500 

800 

1,500 

1,500 


of  ownsr  or  operator  regarding  satistectoriness  of  scmbblng  and  cleaning 

results. 


Reasonably  satisfBctonr.   SU^t  trouble  from  tar. 

Does  not  remove  lampolaok. 

Not  satisfactory.    Considerable  dirt  and  dust  get  by. 

Pipes  have  to  be  cleaned  out  oooasionaUy. 

Not  entirely  satisfactory.    Soot  and  lampblack  not  completely  removed. 

Satisfactory. 

Entirely  satisfactory. 

Plant  A—eatis&ctofy;  plant  B— new  outfit;  good  so  far  (5  months). 


DOITBLS-ZOVX  PLAVTS. 
PLANTS  BURNINO  BITUMINOUS  COAL. 


2 

8 

250 
500 

Not  satisihctory.    Does  not  remove  tar. 
SatisCactory. 

PLANT  BURNING  LIGNITE.      . 

31 

200 

SatisfEUJtory. 

OTL-QAS  PIAVTS. 
PLANTS  BURNING  CRUDE  OIL. 

10 

30 

400 

No  tar. 

Not  satisCactory.    Very  difficult  to  get  out  the  floating  carbon. 

XANNBB  IN  WHICH  TAB  GIVES  TROXJBUS. 

Data  obtained  from  the  operators  and  owners  in  i^sponse  to  a 
query  as  to  the  way  in  which  tar  gave  trouble  are  presented  in  the 
tabulation  following: 

Data  regarding  tar  troubles  in  various  types  of  gas  producers. 

VP-DSAPT  PLANTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 


Plant 
No. 


3.. 
37. 
33. 
30. 

25. 
21. 

5.. 


12. 


200 

200 
250 
870 

300,400 

650,1,000 

I'OOO 

300 

300 

2,500 


Statement  of  owner  or  operator  regarding  tar  troubles. 


No  operating  troable. 

Clo0  the  governor  valve  on  engine. 

Choking  and  sticking  of  engine  valve. 


Clogs  mains,  fltings»  engine  regulators,  and  inlet  valve  passages.    Frequent  cleaning 

of  all  pa  piping  required. 
Notnmble. 


Most  in  gas  house  in  handling.    Have  little  trouble  where  gas  is  used. 
Chokes  pipes  between  cooling  tower  and  washers. 

>No  trouble  at  all. 
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OPERATING  DETAILS  OF  GAS  PRODUCERS. 


Data  regarding  tar  troubles  in  various  types  of  gas  producers — Continued. 

VP-DSAFT  FLAVTS-Continaed. 
PLANTS  BURNING  LIGNITE. 


Plant 
No. 

Horae- 

powsrof 

eachgu 

gsnerator 

1 
Statomaiit  of  owner  or  operator  regarding  tar  troables. 

4 

11 

38 

100 
250 
300 

No  serious  troable. 
No  trouble  at  all. 

No  troable  with  any  part  of  engine  except  governor  valve  chamber  and  mixjng  valve 
dxamber.   Most  be  cleaned  every  3  months. 

PLANTS  BURNING  WOOD. 


13. 

36. 


Clogging  mains. 
Ini^C 


gas  lines  to  engine  and  admimion  valves. 


D0WV-DSA7T  PUUTTS. 

PLANTS  BURNING  BITUMINOUS  COAL. 


». 
27. 
35. 
28. 
8.. 


24. 


Makes  engine  valve  stick  and  causes  some  trouble  in  exhauster. 
Produoeaonly  when  starting  new  fire.   Clogs  ports  in  exhauster. 
Clogs  scrubbers. 
No  trouble. 
Do. 
Do. 
Labor  for  desning  water  seal,  stopping  sprays  in  cooler  and  scrubber.   Small  amount 
collects  at  burners  in  few  months,  inttf  fering  with  the  seating  of  mudiroom  valves 
on  the  line. 


DOUBLB-ZOVX  FLAVTS. 

PLANTS  BURNING  BITUMINOUS  COAL. 


2 

8 

260 

fiOO 

Sticking  intake  valves. 
No  trouble. 

PLANT  BURNING  LIGNITE. 

31 

200 

On  valves  of  engines. 

OXL-GAS  PLANT. 
PLANT  BURNING  CRUDE  OIL. 


30. 


Causes  throttle,  poppet,  and  inlet  valves  and  stack  to  choke. 


TROUBLE  CAUSED  BY  LAMPBLACK. 
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TKOX7BLB  OATTSBB  BY  LAIGPBLACX. 

Data  supplied  by  owners  and  operators  regarding  trouble  caused 
bj  lampblack  follow: 

Data  tegarding  trouble  from  lampblack  in  various  typei  of  producers, 

up-nxA7T  PLjjrrs. 

PLANTS  BURNINO  BPnTMINOrB  COAL. 


Fbat 
Ko. 

HunBuowtf  of 
wehgas 

B«iiiarks  of  owner  or  operator  regarding  trouble  caused  by  lampblack. 

3 

37 

33 

3» 

2S 

n 

u 

900 

200 

260 

870 

800,400 

660,1,000 

800,800,2,500 

Btcpa  water  outlet  in  spray  scrubbers. 

By  ooUeoUng  in  and  reducing  area  of  gas  mains. 

liMnpbiank  mixing  wtth  tar. 

Mo  trouble  observed.   If  any,  it  is  mixed  with  tar. 

No  trouble. 

ChoUng  flues  in  producers  and  coolers. 

No  trouble. 

DOWV-DBAFT  PZ.AVT8. 

PLANTS  BURNmO  BITUMINOUS  COAL. 


27 

260 

35 

260 

» 

375,500 

22 

60O 

8 

80O 

24 

1,600 

Mixes  with  oil  and  gums  engine  valves. 
Clogs  scrubbers. 
Deposits  in  pipes. 

In  engine  c^inder.   Deposits  on  inlet  valves. 
No  trouble. 
Do. 


DOITBLS-ZOHB  PLAVT. 
PLANT  BXmNINO  BITUMINOUS  COAL. 


No  trouble. 


OIL-aAS  PLAHT8. 

PLANTS  BURNING  CRUDE  OIL. 


GraduaUv  obdkes  gas  line  and  soots  up  gas  valves.   Requires  cleaning  every 

6  montns;  10-hour  Job. 
Clogs  gas  main.   Worlcs  by  piston  rings  and  mixes  with  lubricating  oil. 
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OPERATING  DETAILS  OP  GAS  PRODUCERS. 


BEliATION  OF  TAB  OB  LAMPBLACK  IN  ENOIKB  TO  COST  OF  LXJBBI- 

CATION. 

In  response  to  a  query  as  to  whether  the  cost  of  engine  lubrication 
is  materially  increased  by  the  presence  of  tar  or  lampblack  in  the 
engine,  the  following  information  was  supplied: 

Data  regarding  relation  of  lampblack  in  gaa-producer  engine  to  co9t  of  lubrication, 

UP-DSAFT  PULBTTS. 

PLANT  BURNING  ANTHRACITE  COAL. 


Plant 
No. 

Horaepcwflrof 
each  gas  gener- 
ator. 

Remarks  of  owner  or  operator  in  response  to  the  query:    <'I8  the  cost  of 
engine  lubrication  increased  by  the  presenoe  of  tar  or  lampblack?" 

9 

160 

No. 

PLANTS  BURNING  BITUMINOUS  COAL. 


3.. 
33. 
39. 
25. 
21. 
6.. 


200 

260 

870 

300.400 

650,1,000 

1,000 


No. 

Yes. 

Not  determined. 

Na 

Not  greatly. 

Yes. 


PLANT  BURNING  LIGNITE, 


Na 


PLANT  BURNING  WOOD. 


26. 


Yes. 


DOWlf-DRAFT  PLAITTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 


29. 
22. 
8.. 
23. 
24. 


200 

600 

800 

1,500 

1,500 


No. 

Not  materially. 

No. 

Yes. 

Think  not. 


PLANT  BURNING   LIGNITE. 

38 

300 

No.    No  lampblack  ever  seen. 

DOITBLS-ZOVX  PLANTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 

2 

8 

250 
600 

• 

Na 
Da 

PLANT  BURNING  LIGNITE. 

31 

200 

Yes. 

OXL-GAS  PLABTTS. 

PLANTS  BURNING  CRUDE  OIL. 

10 

30 

400 

Na 

No.    Use  cheap  ofl. 

TROUBLE  FROM  SULPHUR  IN  PRODUCER  GAS. 
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BUKNEB  TBOXJBLB  CATTSBB  BY  TAB  AND  LAMPBLACK. 

Data  supplied  by  awners  and  operators  regarding  trouble  from 
tar  or  lampblack  clogging  the  gas  burners  in  the  various  types  of  gas 
producers  follow;  the  nmnber  at  the  b^inning  of  each  paragraph 
indicates  the  plant  that  supplied  the  information : 

5.    None. 
9.    None. 

12.  None. 

13.  Burner  is  piece  of  8-inch  iron  pipe;  clogged  sometimes;  cleaned  once  per 
month. 

17 .  Latest  burner  gives  no  trouble. 

22.  None. 

24.  No  trouble .    Remove  some  lump  tar  from  burners  about  once  each  two  months. 

25.  Gas  BO  cleaned  that  no  trouble  is  experienced. 
30.  None. 

32.    None. ' 

35.    Burners  clog. 

38.    None. 


TBOX7BLB  FBOX  SXTLFHUB  IN  PBODTTCEB  GAS. 

Data  regarding  trouble  from  sulphur  in  producer  gas  as  experi- 
enced by  the  various  owners  and  operators  follow: 

Data  regarding  trottble  fnym  sulphur  in  gas  of  various  types  of  gas  producers. 

TTP-DSA7T  PZ.AVTS. 
PLANTS  BURNING  ANTHRACITE  COAL. 


Plant 
No. 


Horsepower 
of  each  gas 
generator. 


Replies  from  owners  or  operators. 


None. 

Do. 
Troable;  by  clogging  passages  where  velocity  of  flow  Is  changed  and  by  eating 

out  sheet-^teelparts. 
None. 


PLANTS  BURNING  BITUMINOUS  COAL. 


200 

aoo 

250 

300,  400 

650,  1,000 

1,000 

2,500 


Cuts  wateroooled  valves. 

None. 

When  producer  has  stood  over  for  20  hoars  sulphur  is  noticed  by  men  at  furnaces. 

None. 

Trouble. 

Trouble;  causes  distress  among  emplo3rees. 

Trouble;  high  sulphur  gives  unpleasant  fumes  in  factory. 


PLANTS  BURNING  LIGNITE. 


Exhaust  valve  seats  become  pitted. 

None,  except  that  engine  exhaust  has  deteriorated  roof  metal  work,  guy  ropes,  etc. 


DOWir-DSATT  PLAirrs. 
PLANTS  BURNING  BITUMINOUS  COAL. 


None. 

Do. 

Do. 

Do. 
Troable;  acts  on  valves  and  pipes,  and  particularly  on  exhaust. 
No  serious  troable. 
None. 

Do. 


43186*— BuU.  lOd— 16^ 
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OPERATING  DETAILS  OF  GAS  PBODUCERS. 


PBOPOBTION  OF  SX7IJ?HUB  ALLOWABLE  IN  FUBL. 

The  owners  and  operators  were  asked  as  to  what  percentage  of 
stilphur  could  be  present  in  the  gas-producer  fuel  without  causing 
inconvenience  to  the  workmen.  Summarized  data  supplied  in  the 
replies  follow: 

D<Ua  regarding  percentage  of  sulphur  allawable  in  fuel  for  producer-gas  plants. 

UP-D&AFT  PZ.AVT8. 

PLANT  BURNING  ANTHRACITE  COAL. 


Plant 
No. 

Horaepower 
of  each  gas 
generator. 

Remarks  of  owner  or  operator  regarding  percentage  of  sulphur  allowable  In  gas- 
produoerfael. 

19 

800 

1.5  to  1.75  percent. 

PT,ANT8  BURNING  BITUMINOUS  COAL. 

17 

33 

21 

12...... 

250 

350 

«50,  1,000 

2,500 

3  per  cent. 

2  per  cent. 

Not  over  1  per  cent. 

1.5  percent. 

PLANT  BURNING  LIGNITE. 

38 

800 

Do  not  know  per  oent,  but  have  seen  sulphur  plainly  visible  on  fuel  and  had  no 
trouble. 

D0irBLE-20VX  PLAITTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 

2 

8 

250 
500 

1  per  oent  has  never  caused  trouble;  none  higher  used. 
Approximately  1.5  per  oent. 

AUXZUABY  POWEB  XTSEB. 

Many  producer  plants  require  a  small  amount  of  auxiliary  power 
for  the  operation  of  tar  extractors,  blowers,  pumps,  exhausters,  air 
compressors,  etc.  This  total  auxiliary  power  varies  with  the  different 
conditions  of  plant  operation  and  is,  as  a  rule,  less  for  plants  operating 
with  anthracite  coal  than  for  plants  using  tar-producing  fuels.  An 
idea  of  the  amount  of  auxiliary  power  required  may  be  had  from  the 
data  presented  in  the  table  following,  which  shows  the  amount 
installed  and  the  amount  actually  used. 


AUXILIARY  POWEB  USED. 
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AuxUiary  power  used  at  various  prodtuxr-gas  pkmU. 

UP-DRAFT  PLANTS. 


Plant  No. 


38. 
3.. 
37. 
1«. 
U. 
33. 
32. 
18. 
12. 
28. 
39. 
25. 
34. 
12. 
«.. 


Fueluaed. 


te. 


Btniminousooal. 

do 

Anthnciteooal.. 

Limite 

BltmiiJiiouB  ooal. 
Anthnkciteooal.. 

do 

Bituminous  ooal. 

Wood 

Bitnmixiouscoal. 

do 

Anthnciteooal.. 
Bituminous  ooal. 
do 


Totol 

horsepower 

of  plant. 


300 

400 

400 

400 

fiOO 

600 

fiOO 

600 

1,000 

1,040 

1,100 

1,400 

1,600 

2,500 

4,000 


Total 
horsepower 
ofinstalled 
auxiliaries. 


8.0 
4.0 
18.0 
15.0 
25.0 
30.0 
10.0 
16.0 
17.0 
70.0 

166.0 1 

113.0 

10.0 

65.0 

105.0 


Proportion  of  total  plant 
horsepower- 


Installed 

in 
auxiliaries. 


Percent. 
ZO 
1.0 
4.5 
3.75 
6.0 
6.0 
2.0 
2.5 
1.7 
6.7 
16.0 
8.0 
0.7 
2.6 
2.6 


4.3 


Actually 

used  by 

auxiliarks. 


Percent. 
1.3 
1.0 
3.3 


5.0 
6.0 


L3 
1.7 
1.9 
6.2 
3.9 
0.7 
2.6 
2.0 


2.8 


DOWN-DRAFT  PLANTS. 


29. 

20. 
22. 
27- 
35. 
8.- 
23. 
24. 


Average. 


B  itumlnous  ooal. 

do 

....do 

....do 

....do 

....do 

....do 

....do 


200 

250 

500 

500 

1,000 

3,200 

6,000 

9,000 


5.0 
10.0 
48.0 
100.0 
170.0 
160.0 
460.0 


2.0 
2.0 
9.5 
10.0 
4.0 
2.7 
5.0 


6.0 


3.0 


2.0 
5.0 
10.0 
2.9 
ZO 
1.7 


3.8 


So  much  depends  on  the  details  of  the  installation,  the  nnmher  of 
hours  of  service  per  week,  and  the  commercial  demands  regarding 
reliability  that  there  may  be  little  relation  between  the  actual  auxiliary 
requirements  of  different  plants.  A  summary  of  the  data  presented  in 
the  preceding  table  follows: 

m 

Summary  of  data  regarding  auociliary  power  used  at  varUms  producer-gas  plants. 


Proportion  of  total  plant  power— 

Kind  of  plant. 

Lustalled  in  auxiliaries. 

Actually  used  by  auxiliaries. 

• 

Maxi- 
mum. 

Mini- 
mum. 

Average. 

Maxi- 
mum. 

Mini- 
mum. 

Average. 

Ut>  draft 

Percent. 
15.0 

Percent. 
0.7 
2.0 

Percent. 
4.3 
6.0 

Percent. 

6.2 

10.0 

Percent. 
0.7 
2.0 

Percent. 
2.8 

Down  draft 

10.0 

3.8 

50 


OPERATING  DETAILS  OF  GAS  PRODUCERS. 


TBOXJBLE  FBOX  PBODX7CBB  AUXELIABIBS. 

Data  r^arding  serious  trouble  with  producer  auxiliaries  were 
requested  from  the  various  owners  and  operators.  A  summary  of 
the  information  furnished  follows: 

Data  regarding  trouble  from  auxiliaries  vsed  with  gas  producer, 

VP-DSAFT  PLANTS. 

PLANTS  BURNING  ANTHRACITE  COAL. 


14 
6. 
9. 
20 
82 
18 

19 
36 
16 

3. 
87 
33 
39 

25 
21 
6. 
12 

4. 
15 
11 
88 

13 

26 


Remarks  of  owner  or  operator  regarding  serious  trouble  wttb  producer  auxiliaries. 


No  trouble. 

Do. 

Do. 

Do. 

Do. 
When  llui-type  exhausters  were  used  on  outlet  of  producer  they  were  eaten  away 

by  sulphurous  compounds. 
No  trouble. 

Do. 

Do. 


PLANTS  BURNING  BITUMINOUS  COAL. 


200 
200 
250 
370 


300,400 

650,1,000 

1,000 

2,600 


No  trouble. 

Do. 
Trouble;  scrubber  gets  choked  with  tar. 

Tar  extractors  become  clogged  and  passages  of  scrubbers  using  excessive  jwwer 
cause  hidi  pressures  at  top  of jproducers,  causing  gas  to  leak  around  poke  hole, 
causing  cQstress  to  operators.    Further,  under  such  conditions  flues  in  fire  develop 
rapidlv  whm  pressure  is  relieved  at  tijme  poke  holes  are  opmed  for  inspection. 
No  trouble. 
Do. 
Do. 
No  trouble  except  that  due  to  mechanical  defect  in  steam  engine  driving  the  gas 
pump. 


PLANTS  BURNING  LIGNITE. 


No  trouble. 

Do. 
•    Do. 

Do. 


PLANTS  BURNING  WOOD. 


No  trouble. 
Do. 


Dowif-D&AFT  puurrs. 

PLANTS  BURNING  BITUMINOUS  COAL. 


29 

200 

No  trouble. 

20 

260 

Do. 

27 

260 

Trouble  on  starting  new  fires  a  little  coal  tar  is  produced,  clogging  exhauster. 
Cleaned  every  8  weeks. 

36 

260 

No  trouble. 

28 

375,500 

Do. 

22 

500 

Do. 

8 

800 

Do. 

23 

1,500 

Do. 

24 

1,500 

Do. 

TIME  BEQUIBED  FOR  FULL  PRODUCTION  AFTER  STAND-BY. 
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Data  regarding  trouble  from  auxiliariei  tued  with  gas  producer* — Continued. 

DOITBLS-ZOHX  PULHTS. 

PLANTS  BURNINO  BITUMINOUS  COAL. 


Plant 
No. 

HofMpowtr 
of  web  gas 
genentor. 

Remarks  of  ownar  or  operator  regarding  serious  trouble  with  prodooer  auxiliaries. 

2 

8 

7S0 
500 

No  trouble. 
Do. 

PLANT  BURNING  LIGNITB. 

81 

200 

No  trouble. 

0XL-OA8  PZ.AVTS. 

PLANTS  BURNING  CRUDE  OIL. 

10 

No  trouble. 

ao 

No  trouble;  wash  water  pump  collects  tar  on  runner  shaft. 

TOOB  BBQXJXBEB  TO  BBING  GAS  PBOBXTCBBS  TO  FULL  GAS  PBO- 

DXTCnON  AFTEB  STAND-BY. 

A  summary  of  the  information  furnished  by  owners  and  operators 
regarding  the  time  required  to  bring  the  various  types  of  producers 
to  condition  of  normal  demand  after  a  stand-by  follows: 


Data  regarding  time  required  to  bring  various  types  of  gas  producers  to  condition  of 

normal  demand  afUr  a  stand-by. 


UP-DSATT  PLANTS. 

PLANTS  BURNING  ANTHRACITE  COAL. 


Plant 
No. 


Horsepower 
of  each  gais 
generator. 


Remarks  of  owner  (m-  operator  regardtaig  time  required  16r  producer  to  reach  full 

production  after  stand-by. 


1  hour  after  18  hours. 
I  hour  after  14  hours. 
3  hours  Monday  forenoon. 
I  hour  after  13  hours. 
1  hour  after  14  hours. 
40  minutes  after  14  hours. 
I  hour. 


PLANTS  BURNINO  BITUMINOUS  COAL. 


3 

200 

1  hour  after  12  hours. 

37 

200 

1  hour  after  14  hours. 

17 

2S0 

1  hour  to  Qome  in  on  main  line  after  10  hours. 

33 

250 

1  hour  after  12  hours. 

3» 

870 

1  to  2  hours  after  12  hours. 

25 

300,400 

1  hour  after  12  hours. 

21 

660,1,000 

9  hour  after  13  hours. 
14  hours  after  24  hours. 
Ihour  to  1  hour  after  14  hours. 

5 

1000 

12 

2,500 
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Data  regardiTig  time  required  to  bring  various  tyves  of  gas  jKroducers  to  condition  of 

normal  demand  after  a  stand-hy — Continued. 


trP-DKAFT  PLAirrS-Contiiiued. 
PLANTS  BURNING  LIGNITE. 


Plant 
No. 


4.. 

7.. 
11. 
38. 


Horaeiwwer 
of  each  gas 
generator. 


100 
100 
250 

aoo 


Remarks  of  owner  or  operator  regarding  time  required  for  producer  to  reach  full 

production  alter  stand-l^.  i 


ao  minutes  after  12  hburs. 

1  hour  after  12  hours. 

2  hours  after  12  hours. 

20  minutes  to  |  hour  after  8  hours;  1  hour  to  1)  hours  after  1  week. 


PLANT  BURNING  WOOD. 


26 200,280    i  hour  after  24  hours  to  1  week. 


DOWir-DHAFT  PI.AHTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 


30. 
27. 

23. 
24. 


200 
260 

1,600 
1,600 


Service  continuous. 

Can  start  engine  in  15  minutes  after  12  hours,  but  takes  about  1  hour  to  get  to 

working  well. 
4  hours  after  32  hours. 
30  minutes  to  1  hour  after  12  hours. 


DOlTBLE-ZOn  PLABTTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 

2 

8 

250 
500 

1  hour  after  18  hours. 
1  hour  after  16  hours. 

OXL-OAS  PLANT. 
PLANT  BURNING  CRUDE  OIL. 

80 

Producer  shows  good  eflVciency  after  10  minutes'  oi>eratioTi. 

STANB-BY  FUBL. 

Many  controversies  have  arisen  regarding  the  stand-by  losses  in 
producer-gas  plants.  What  this  percentage  may  be  under  test  and 
what  it  is  under  commercial  operating  conditions  are  two  widely 
different  values.  Several  writers  on  the  subject  are  in  the  habit  of 
allowing  per  stand-by  producer  hour  from  3  to  6  per  cent  of  the  fuel 
chained  in  the  producer  per  operating  hour. 

An  attempt  was  made  to  procure  figures  covering  commercial 
operation  in  several  plants  but  the  returns  were  so  greatly  at  vari- 
ance that  no  deductions  of  value  could  be  presented.  TTie  figures 
reported  show  stand-by  percentages  ranging  from  3  to  33. 
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QXTANTITY  OF  WATBB  TTSBD  BY  PBODTTCBB  PLAITTS. 

The  quantity  of  water  actually  required  in  the  operation  of  a 
producer-gas  plant  and  the  quantity  used  by  the  plants  reporting 
seem  to  bear  little  relation  to  each  other.  This  vaiiance  is  largely 
due  to  the  fact  that  most  of  the  plants  reporting  seem  to  have  ample 
water  supply  in  close  proximity  so  that  the  water  cost  is  small. 

Obyioudy,  the  quantity  of  water  required  in  both  the  generation 
of  the  gas  and  in  the  cleaning  process  will  vary  according  to  the  type 
of  producer  plant,  the  character  of  the  fuel  used,  the  method  of 
operation,  and  the  e£Biciency  of  the  scrubbing  devices. 

QUANTITT  OF  YAPOBIZEB  WATEB  USSD. 

The  quantity  of  vapor  used  by  the  gas  generators  per  pound  of  fuel 
fired  was  not  reported  by  the  operators  queried.  Previous  investiga- 
tions have  indicated  that  for  up-draf  t  plants  this  figure  usually  runs 
from  0.7  to  1  pound  of  water  for  the  vaporizer  to  each  pound  of  an- 
thracite coal  fired.  With  bituminous  coals,  lignites,  peats,  wood, 
and  other  fuels  the  quantity  of  water  required  by  the  vaporizer  will 
vary  greatly  with  the  percentage  of  moisture  contained  in  the  fuel. 
With  bituminous  coals  in  up-draf  t  plants  this  figure  seems  to  be  not 
far  from  that  required  for  anthracite  coals.  The  average  for  20  bitu- 
minous coals  taken  at  random  shows  0.7  pounds  of  water  per  pound 
of  coal. 

On  the  other  hand,  a  series  of  investigations  with  one  grade  of  fuel 
in  an  up-draf t  plant  showed  the  quality  of  the  gas  to  vary  little  for  a 
range  of  vaporizer  consumptions  from  0.7  pound  to  1.12  pounds. 

In  using  peat  it  has  been  found  that  if  the  peat  contaLos  25  or  30 
per  cent  moisture  no  steam  is  necessary  in  the  operation  of  the  plant. 

In  one  plant  in  this  country  operating  on  lignite  the  supply  of  avail- 
able water  is  seriously  limited.  The  moisture  contained  in  the  lignite 
is,  however,  sufficient  to  more  than  make  up  the  vaporization  require- 
ments so  that  in  the  process  of  cooling  the  gases  enough  water  vapor 
is  condensed  to  more  than  offset  the  losses.  This  plant  is,  thereforei 
actually  increasing  its  water  supply  during  operation. 

During  a  series  of  tests  with  a  down-draft  producer  at  the  Pitts- 
burgh station  of  the  Bureau  of  Mines,  the  average  consumption  of 
water  by  the  vaporizer  was  as  follows: 

Oonaumpiian  of  water  by  vaporizer  in  dowrirdraft  producer  of  Bureau  of  Mines. 

Wat«r  per  pound  of  tvul 
Fuel.  asTlnd,  pounds. 

BltuminouB  coal 0. 23 

Ugnlte 00 

Peat 00 
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QUANTITY  OF  SOBUBBBB  WATBB  USED. 

The  quantity  of  water  required  for  scrubbing  the  gas  in  the  opera- 
tion of  a  producer-gas  plant  is  reported  by  different  writers  as 
follows: 

(a)  1  gallon  per  40  cubic  feet  of  gas  washed. 

(6)  3.3  gallons  per  brake  horsepower-hour. 

(c)  10  to  15  pounds  per  pound  of  fuel  used  in  the  gas  generator. 

If  these  quantities  are  reduced  to  the  basis  of  cubic  feet  of  water 
required  per  1,000  cubic  feet  of  gas  washed  the  range  is  as  follows: 

(a)  3.3  cubic  feet  per  1,000  cubic  feet  of  gas. 

(J>)  6  cubic  feet  per  1,000  cubic  feet  of  gas. 

(c)  2.6  to  3.9  cubic  feet  per  1,000  cubio  feet  of  gas. 

The  latter  figures  indicate  an  average  of  approximately  4  cubic 
feet  of  water  required  for  scrubbing  1,000  cubic  feet  of  gas. 

During  the  operation  of  the  testing  station  of  the  Bureau  of  Mines 
the  quantities  of  scrubber  water  averaged  approximately  as  follows: 

9.7  cubio  feet  per  1,000  cubic  feet  of  gas  with  the  up-draft  plant, 
including  the  centrifugal  tar  extractor. 

10.5  cubic  feet  per  1,000  cubic  feet  of  gas  with  the  down-draft 
plant. 

Figures  supplied  by  the  operators  of  several  plants  are  as  follows: 

QtumtUiea  of  scrubber  water  used  in  different  gas  producers. 


■ 

Plant  No. 

Fuel. 

Operation. 

Quantity  of 

scrubber 

water  per 

pounaof 

fuel. 

87 

BlftiminoiiflwwJ        

Up-draft 

P0U9d8. 

76 

17 

do 

...^.. 

26 

39 ^ 

do 

do 

67 

25 

do 

do 

36 

35 

do 

....  .do 

31 

a 

do 

Down-draft 

116 

8 

do 

Down-draftand  double-zone. 

95 

If  these  figures  are  reduced  to  cubic  feet  of  water  per  1,000  cubic 
feet  of  gas  washed  by  assuming  that  1  pound  of  bituminous  coal  Ls 
equivalent  to  61,  90,  and  83  cubic  feet  of  gas  for  up-draft,  down-draft, 
and  double-zone  producers,  the  values  are  as  follows : 

QtLantities  of  scrubber  water  used  per  1,000  cubic  feet  of  gas  scrubbed. 

Water  per  1,000  ca- 
Plant  bic  feet  of  gas 

No.  scrubbed,  cubic  feet. 

37 19.9 

17 6.8 

39 17.5 

25 9.5 

25 8.1 

22 : ^...  20.6 

8 16.9 

Avenge 14  2 
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The  range  between  the  temperature  of  the  water  entermg  and  that 
of  the  water  leaving  the  scrubber  seems  to  depend  more  on  the  quan- 
tity of  water  available  than  on  any  predetermined  temperature  as 
the  proper  one  for  the  water  leaving  the  scrubber. 

The  prevailing  temperature  for  the  water  entering  the  scrubber 
is  50''  to  90''  F.,  and  for  the  water  leaving  it  TS"*  to  200°  F.,  the  avei> 
age  being  about  110°  F. 

The  temperature  rise  recorded  for  the  different  plants  is  as  follows: 

Rise  in  temperatvre  of  scrubber  water  at  differerU  pluTits. 

Plant  Temperature 

No.  rise/P. 

14 45 

3 8 

37 10 

15 50 

1 155 

26 37 

89 44 

25 ! 45 

21 70 

22 15 

8 55 

2 10 

10 40 

QUANTITY   OP   WATER   REQUIRED   TO   COOL    ENGINE. 

The  quantity  of  water  required  in  engine  cooling  is  reported  by 
various  writers  as  follows: 

(a)  For  single-acting  engines,  5  to  7  gallons  per  horsepower-hour. 

(5)  For  large  double-acting  engines,  4.5  to  5.5  gallons  per  horse- 
power-hour for  cylinders,  stufiing  boxes,  valves,  etc.,  and  1.75  to  2.25 
gallons  per  horsepower-hour  for  pistons  and  pistons  rods ;  or  a  total 
ran^ng  from  6.25  to  7.75  gallons  per  horsepower-hour. 

(c)  Twenty-five  to  fifty  pounds  per  brake  horsepower-hour,  or  3  to 
6  gallons. 

id)  For  a  producer-gas  engine,  smgle-acting  and  of  less  than  200 
horsepower,  the  normal  consumption  of  water  per  brake  horsepower- 
hour  at  full  load  is  5.5  gallons  for  cooling  the  engine. 

(e)  For  engines  of  2  to  1,000  horsepower,  for  cylinder  covers  and 
stufiBng boxes,  5.5  to  6.5  gallons;  pistons  and  rods,  2  to  2.5  gallons; 
boxes,  seats,  and  exhaust  valves,  1  to  1.75  gallons.  Total,  9  to  11 
gallons  per  brake  horsepower-hour. 

(/)  With  a  temperature  range  of  90°  F.,  45  pounds  or  6.5  gallons 
will  be  required  per  horsepower-hour.  In  large  engines  the  con- 
sumption is  smaller,  or  about  4.25  gallons.  To  be  on  the  safe  side 
the  cooling  water  may  be  estimated  at  6.6  to  8  gallons. 
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If  the  varioiis  values  be  reduced  to  the  common  basis  of  cubic 
feet  of  water  per  horsepower-hour,  the  figures  are  as  follows : 

Qtuintity  of  enffine-oooling  water  required  in  variotu  plants  on  hagis  of  citbic  feet  per 

hoTBepower-hour. 

Cooling  water  pet 
hoisepover-hour. 
Report.  cobiofeet. 

a 0.67  to  0.93 

6 83  to  1.03 

e 40  to    .80 

d 73  to    .73 

«.. 1.20  to  1.47 

/. -     .67  to  1.07 

Average 75  to  1.00 

The  Bureau  of  Mines  figures  show  an  average  of  0.82  cubic  foot  per 
horsepower-hour  for  a  three-cylinder,  single-acting  engine  of  250 
horsepower. 

The  wide  variation  in  practice  is  shown  by  the  following  figures  from 
plant  operators: 

Qvantity  of  engine-<x>oling  water  required  at  different  producer-gag  plants. 

Cooling  water  per 
hocaepower-hour. 
Plant  No.  oubio  feet. 

37 3.36 

25 2.80 

35 2.56 

22 1.01 

8 2.18 

8 2.56 

The  inlet  temperatures  reported  for  the  cooling  water  range  from 
50°  to  OO""  F.  and  the  outlet  temperatures  from  86*"  to  160°  F.,  the 
average  being  about  115°  F. 

LX7BBICANTS  VBSD. 

The  quantity  of  oil  required  per  horsepower-hour  varies  with  the 
character  of  the  installation  and  the  method  of  operation.  For  full 
load,  24-hour  service,  the  proportion  per  horsepower-hour  is  of  course 
greater  than  for  a  plant  running  under  light  load  for  a  9-hour  or 
10-hour  day.  Some  of  the  figures  given  by  the  engine  manufac- 
turers for  the  quantity  of  engine  oil  required  are  as  follows : 

1.  For  a  200-horsepower  engine,  the  oil  amounts  to  1.25  gallons  per 
10-hour  day,  or  0.625  gallon  per  1 ,000  horsepower-hours. 

2.  For  a  65-horsepower  engine,  the  oil  used  is  sqaq  gallon  per 

brake  horsepower-hour,  or  0.500  gallon  per  1,000  horsepower-hours. 

3.  For  a  lOO-horsepower  engine,  inclosed  crank  case,  0.5  gallon  per 
10  hourSi  or  0.500  gallon  per  1,000  horsepower-hours. 
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4.  For  a  140-hor8epow€ff  eogiaei  inclosed  crank  case,  1  gallon  per 
10  hours,  or  0.715  galloa  per  1,000  horsepower-hours. 

5.  For  a  125-horsepoweflr  enpne,  inclosed  crank  case,  1  quart  per 
10  hours,  or  0.200  gallon  per  1,000  horsepower-hours. 

The  average  of  these  quotations  is  0.508  gallon  per  1 ,000  horsepower- 
hours.  The  plant  operators  reported  their  commercial  requirements 
to  be  asfoUowsr 


Quantity  of  oil  used  in  lubricating  engines  in  variotu 

\  got  producers. 

Plant  No. 

HOBMpOWg  of  iflgiUBBt 

Lengthor 
sarrioe 

Cylinder 

oil  used 

p«rl,000 

hor8»- 

powvr* 

noaiB. 

Engine 

oUused 

perl,000 

horse- 

power- 

nouis. 

Other 

used 
per  1,000 
horse- 
power- 
noun. 

4 

100 
100 

Hourt. 
8 

OoBont, 
2.0 

GoUont, 

GaJkiM, 

7 

L2S 

14 

L8 
2.8 

L3 

3 

40,160 

190 

600 

80,160,200,375 

200,500 

800 

760 

126 

160,260,300,600 

600 

500,1,000 

300,2,000 

115,300,760 

16 
24 
24 
12 
24 
84 
10 

16 

LO 

11 

L25 
L6 

9 

8.0 
L26 

.4 

.17 

.4 
LO 

.6 

.6 
5.8 

.5 

12 

30 

.75 

.5 

.18 

.5 

.5 

.4 

2.7 
.26 

1.25 

.8 

25 

.07 

21 

,1 

35 

22 

10 
10 
24 
24 
24 

.14 

33 

24 

.7 

2 , 

30 

Avanig9 T. 

L17 

LU 

.51 

The  average  of  a  number  of  returns  from  the  operators  of  recipro- 
cating steam  engines  indicates  the  consumption  of  cylinder  oil  and 
engine  oil  to  be  approximately  the  same  and  to  equal  0.13  gallon 
each  per  horsepower-hour.  On  this  basis  the  oil  consumption  of 
gas  engines  seems  to  be  approximately  eight  or  nine  times  as  much 
as  that  of  reciprocating  steam  engines.  This  difference  is  perhaps 
not  surprising,  as  the  lubricating  requirements  of  the  gas  engine  are 
much  more  severe  than  those  of  the  steam  engine,  but  the  ratio 
seems  rather  high. 

PBBIONmONS  AND  THBIR  CAXTSBS. 

Data  supplied  by  owners  and  operators  regarding  preignitions  and 
their  causes  follow.  The  numbers  preceding  each  paragraph  refer 
to  plant  numbers  assigned  by  the  author. 

Are  preignitions  frequent  and  troublesome. — To  what  do  you  attribute  themf 

Up-Draft  Plants. 

Plants  burning  antliracite  coal. 

1.    Yee.    Carbon  deposits. 

6.    No. 

9.    No.    lilost  trouble  from  too  high  compieasioa. 
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14.  No.    ExcesBive  hydiogen. 
16.    No. 

18.  No. 

19.  No. 

20.  No.    Exceadve  hydiogen. 

32.  No. 

34.  No.    Hydrogen. 

36.  No. 

Plants  burning  bituminoua  coal. 

3.  No,  if  good  coal  is  used  and  valves  are  tight.    Hydrogen,  bad  gas,  and  leaky 

valves. 
12.    No. 

21.  None. 

25.  No.    Overhanging  fire  or  hot  particles  of  carbon  from  lubrication. 

33.  No. 

37.  No. 
39.    No. 

Plants  burning  lignite. 

4.  Yes;  at  timeB.    Oarbon  deposits,  etc. 

7.  No. 

11.    Only  for  first  hour  after  starting.    Excessive  hydiogen. 

15.  No. 

38.  Very  seldom.    To  a  hot  spot  or ''chimney"  in  producer  forming  high  hydro- 

gen or  to  small  particles  of  tar  being  sucked  off  governor  valve  and  holding 
fire  in  cylinder.  Stopped  by  throtUing  gas  valve  and  then  sweeping  cylin- 
der with  air. 

Plants  burning  wood. 

26.  Sticking  valves  from  tar. 

Down-Dravt  Plants. 

Plants  burning  bituminous  coal. 

8.  No. 

20.  No.    Excessive  hydrogen. 

22.  Yes.    Dirt,  incandescent  points,  too  rich  mixture. 

23.  No. 

24.  No. 

27.  Had  trouble  for  a  while,  but  seldom  now  .  Holes  or  channels  in  fires. 

28.  After  water  gas  run  and  when  air  inlet  valve  leaks.    Too  rich  gas. 

29.  No.    Do  not  have  any. 

35.  No.    Carbon. 

Double-Zone  Plants. 

Plants  burning  bituminous  coal. 
2.    No. 
8.    No. 

Plants  burning  lignite. 

31.    At  times.    Sticking  valves. 
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OotGas  Plants. 

Plantfl  burning  crude  oil. 

10.    No.    Very  little.    Small  xwrtions  of  lampblack  carrying  a  spaik. 
90.    No.    Exoeas  hydrogen  under  high  compreaEOon. 

CHANGINa  OB  CLBANXNG  IGNTFEBS. 

The  tiine  interval  for  reliable  use  of  engine  igniters  is  of  course 
more  or  lees  dependent  on  the  constituents  of  the  gas,  the  degree  of 
cleanlinessy  the  amount  of  sulphur,  the  engine  construction,  and.  the 
care  in  operation.  The  table  following  indicates  the  reported  prac- 
tice in  this  connection: 

Data  regarding  changing  cr  eUanmg  ofigmUrs  in  ga$  producers, 

TTP-BRArr  PLAVTS. 
PLANTS  BURNING  ANTHRACITE  COAL. 


Plant 
No. 


Period  of 
openUon 
eadiday. 


Period  belbro  Igniter  is  cleaned  or  changed. 


14. 

19. 
16. 
C. 
».. 
1.. 
34. 
18. 


CaeanedeachmonCi;  JaaUAjean. 
2mantlis. 

month. 

montb. 

montli. 
!|  months. 
I  month. 
Do. 


PLANTS  BURNING  LIGNITE  OR  BITUMINOUS  COAL. 


4 

8 

month. 
:  months. 

7 

11 

3 

94 

month. 
<  month. 

37 

10 

33 

14 

Do. 

12 

94 

1  to  }  month. 

2  months. 

39 

24 

* 

25 

10 

8  months. 

a 

10 

2  months. 

BOWH-DBArr  PLAVT8. 

PLANTS  BURNING  BITUMINOUS  COAL. 


29 

24 

Years. 

27 

10 

4  month. 

35 

10 

{month. 

22 

10 

4  months. 

8 

24 

2  months. 

23 

24 

3  months. 

DOUBLB-ZOn  PLAVTS. 
PLANTS  BURNING  BITUMINOUS  COAL  OR  LIGNITE. 


31 

2 

24 
24 

1  month. 
Do. 
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GAS  PRESSXTRES  AND  DISTANCES  FOB  GAS  DELIVERY. 

It  is  interesting  to  note  that  in  practically  all  of  these  plants  the 
gas  is  delivered  at  a  short  distance  from  the  producer.  Tlie  reports 
from  36  plants  show  a  range  of  distances  of  15  to  more  than  3,000 
feet.  Twenty-four  plants  deliver  their  gas  at  distances  not  exceed- 
ing 100  feet  and  only  5  deliver  gas  to  a  distance  exceeding  500  feet. 

None  of  these  plants  carries  gas  at  any  considerable  pressure.  The 
range  seems  to  be  from  a  slightly  less  than  atmospheric  to  2|  pounds 
higher  than  atmospheric.  In  the  majority  of  instances  the  positive 
pressure  ranges  from  1  to  8  ounces. 

RECOVERY  OF  BY-PRODXTCTS  FROM  WASTE  LiatTOBB  FROM 

SCBXJBBEBS,  WASBXBS,  ETC. 

To  the  query  regarding  recovery  of  by-products  from  waste  liquors 
from  scrubbers,  washers,  etc.,  the  answers  were  all ''None recovered" 
with  the  exception  of  four.  Two  operators  report  a  special  effort  to 
procure  the  tar;  one  stated  that  he  recovered  the  by-products,  but 
gave  no  further  information,  and  the  fourth  reported  ''Not  yet." 

COMMEBCIAI.  USE  XADB  OF  TAB  PBODXTGBB. 

The  various  owners  and  operators  were  asked  what  commercial 
use  was  made  of  the  tar  produced  in  their  plants  and  what  price  was 
received  for  it.  The  data  supplied  are  presented  below.  The  num- 
bers preceding  each  paragraph  refer  to  plant  numbers  assigned  by 
the  author. 

2.  None. 

3.  None. 

4.  None. 

5.  None. 
7.  None. 
9.  No  tar. 

11.  No  market  for  tar  from  lignite. 

12.  Fired  under  boilers  in  main  boiler  plant.    Saves  5  tons  of  coal  per  day,  equal 
toilO. 

13.  Distilled  for  wood  oil,  creosote,  and  pitch. 

14 .  None  recovered . 

17.    Run  back  into  producer. 

21.    Burned  under  boiler  to  make  steam  for  use  in  gas  plant. 

23.  No  tar. 

24.  Mixed  with  coal  and  burned  in  hand-fired  boiler.    Not  satisfactory. 

25.  Utilized  in  steam-boiler  plant.    The  tar  from  one  of  the  producers  returns  to 
the  producer  and  is  gasified. 

26.  Returned  to  producer  by  spreading  on  fuel. 
28.    None. 

30.  None. 
35.  None. 
37.    Burned  under  boiler. 
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38.  One  barrel  per  day  goes  to  Puget  Sound  with  scrubber  water.  Formerly 
burned  with  fuel  oil  under  boilers,  but  caused  some  trouble  on  account  of  water.  Will 
soon  sell  it  or  bum  it  again.    Worthaboutll.lOper  barrel  if  burned  under  boiler. 

39.  OrigLoaUy  provision  was  made  for  introducing  the  tar  into  the  producer  com-  ^ 
bustion  zone,  but  the  tar  was  too  stiff  to  handle.  i 

COMICEBCIAL  TTTCLIZATION  OF  CABBON  BB8EDT7B  FBOK  OHi-OAS 

PBODXTOEBrS. 

Only  two  replies  were  received  to  the  query,  Is  the  carbon  residue 
from  oil-gas  producers  commercially  utilized,  and  if  so,  how  ?  Plant 
10  reported  that  the  residue  was  used  under  boilers,  and  plant  30 
reported  that  it  was  used  as  fuel  in  blast  furnaces. 

ENBICHXENT  OF  PBODXTCBR  GAS. 

The  various  owners  and  operators  were  asked  whether  they  knew  of 
any  plants  that  enriched  the  producer  gas.  Replies  to  this  inquiry 
indicated  that  the  enriched  producer  gas  was  used  to  some  degree, 
but  not  generally.  Three  or  four  companies  were  reported  to  be  using 
this  enriched  gas  for  illuminating  purposes.  One  plant  enriched 
the  producer  gas  with  gasoline  vapor  for  use  in  brazing. 

TBMFEBATUBB  BEQUIBED  AT  FUBNACB. 

Data  received  from  the  various  owners  and  operators  regarding  the 
temperature  required  at  the  furnace  follow. 

10.  About  1,400*  F. 

12.  950  to  l^OSO""  F.  in  leers. 

13.  660**  F. 
17.  1,700*»F. 
21.  1,300  to  2,200**  F. 

24.  Ab  high  afl  1,500''  F. 

25.  1,600  to  2,000**  F. 

8PABE  GAPAGITY  AKD  POWBB  AOTUAIXY  AVAILABLB. 

Practically  the  same  general  rules  that  govern  the  installation  of 
spare  boiler  units  in  steam  plants  control  the  installation  of  spare 
producer  units.  The  principal  points  that  have  to  be  considered  are 
reliability  of  plant  and  continuity  of  service. 

The  need  of  reserve  boiler  units  is,  however,  much  greater  under 
normal  operating  conditions  on  account  of  the  necessity  of  frequent 
boiler  cleaning.  Although  the  intermittent  type  of  producer  must 
be  cleaned  at  regular  intervals,  depending  in  length  on  the  percentage 
of  ash  in  the  fuel,  the  continuous  type  may  be  run  for  years  without 
the  fires  being  drawn  if  clinker  troubles  are  not  excessive. 

An  examination  of  the  data  at  hand  shows  no  relation  between  the 
daily  hours  of  service  and  the  installation  of  spare  units.  Of  the 
plants  from  which  reports  were  received,  ranging  in  capacity  from 
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100  to  9,000  horsepower,  about  one-third  have  reserve  units  of  20 
to  50  per  cent  of  the  total  installed  power. 

Ten  years  ago  most  gas  producers  for  power  purposes  were  overrated 
in  capacity. 

This  overrating  was  the  natural  result  of  the  blind  use  of  European 
figures  and  became  for  a  time  a  serious  matter.  Although  the  rating 
of  such  plants  is  far  more  conservative  to-day,  still  an  examination 
of  the  operating  reports  of  27  plants  reveals  the  fact  that  approxi- 
mately one-third  of  them  have  considerably  less  than  100  per  cent  of 
their  capacity  available.  One  instance  is  reported  in  which  only  60 
per  cent  of  the  rated  capacity  could  be  realized.  The  average  per- 
centage of  available  capacity  for  the  plants  that  are  below  rating 
is  75. 

On  the  other  hand,  6  of  the  27  plants  show  a  capacity  considerably 
above  normal  rating.  The  maximum  is  155  per  cent,  and  the  average 
for  the  6  is  132  per  cent. 

XTSBS  OF  PBODXTCEB-GAS  PLANTS. 

To  indicate  the  varied  applications  of  producer  gas  and  producer-gas 
power  a  brief  tabulation  is  presented  giving  the  information  received 
from  the  39  companies  that  reported.  The  numbers  preceding  the 
paragraphs  refer  to  plant  numbers. 

1.  Id^ts  and  power  (5  to  24  hours  per  day). 

2.  Commercial  lighting  and  power  (24  hours  per  day). 

3.  Manufacture  of  acid  phosphate  (24  hours  per  day). 

4.  City  water  company  (8  hours  per  day). 

5.  General  factoiy -purposes;  also  drying  molds  and  covera. 

6.  Li^t  and  power  (24  hours  per  day). 

7.  Milling  flour  (11  hours  per  day). 

8.  Induction  motor  drive  (24  hours  per  day). 

9.  Lighting  and  power  (24  hours  per  day). 

10.  Street  and  house  lighting,  ice  making,  refrigeration,  etc.  (16  hours  per  day). 

11.  Grinding  cottonseed  cake  into  meal  for  export. 

12.  Motor  drives  (24  hours  per  day,  6)  days  per  week).    Gas  also  used  for  leers  in 
glass  bottling  factoiy. 

13.  For  heating  wood-distUladon  retorts  (22  to  24  hours  per  day). 

14.  For  operating  blowing  engines  and  for  oprating  pyrites  furnace  (24  hours  per 
day. 

15.  Light  and  power  (14  hours  per  day). 

16.  Mining  and  concentrating  iron  ore  (24  hours  per  day). 

17.  Hardening  and  annealing. 

18.  Machine  shop,  electric  power  (11}  hours  per  day). 

19.  Factory  lighting  and  power,  motor-driven  anmionia  compressor  for  raw-water 
ice  making  (summer,  24  hours  per  day;  winter,  8  to  16  hours). 

20.  Electric  lighting  and  power  (24  hours  per  day). 

21.  Driving  machinery  by  rope  transmission  from  engine  to  line  shaft  (10  hours 
per  day) ;  also  forge,  annealing,  and  hardening. 

22.  Manufacturing  (10  hours  per  day). 
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J^.    Manufacture  of  plate  glaas,  power  (24  hoiCTs  per  day,  5}  days  per  week). 

24.  Excitation  of  direct-current  electric  generator,  lights  and  general  plant 
aoxiliaiy;  alternating-current  motors  driving  grinding  and  polishing  machines,  1,000 
to  1,200  kilowatts  on  each  alternating-current  machine.  (Continuous,  24  hours  per 
day,  156  hours  per  week.)    Xlso  melting  glass  in  furnaces  and  glass  annealing. 

25.  Power  in  manufacturing  plant  (10  hours  per  day).  Also  hardening  and 
annealing. 

26.  Power  by  direct  drive  and  also  direct-connected  to  direct-current  generators 
(7  months,  24  hours  per  day;  5  months  part  load,  24  hours  per  day).  Exhaust  gas 
used  to  produce  steam  at  60  pounds  pressure  on  vaporizers  connected  to  engine 
exhausts. 

27.  Factory  power. 

28.  Electric  power  for  phosphate  mining.  Principal  load  is  motor-driven  cen- 
trifugal pumps  (156  hours  per  week). 

29.  Oil  mill,  electric  power  (24  hours  per  day). 

30.  Pumping  (24  hours  per  day). 

31.  Electric  power  (24  hours  per  day)  and  concentration  of  acid. 

32.  Machine-shop  power  (10  hours  per  day)  and  drying  linings  in  foundry  ladles. 

33.  Electric  shop  drive  (14  hours). 

34.  Power  in  paper  mill  to  drive  beaters  and  pumps;  also  belted  generators  (24 
hours  per  day,  6  days  per  week). 

35.  Power  for  manufacturing  purposes,  shops  (10  hours  per  day);  also  for  heating 
carbonizing  furnaces. 

36 .  Power  for  manufacturing  ( 10  hours  per  day) . 

37.  Shop  power  and  lighting  (9  hours  per  day). 

38.  Driving  ammonia  compressor  and  electric  generator  for  power  and  light  (45 
months,  24  hours  per  day  with  not  to  exceed  one  stop  per  20  to  30  days  for  cleaning 
and  adjustments  in  the  summer  months;  7  to  8  months,  10  to  20  hours  per  day) .  Pro- 
ducer has  had  fires  drawn  not  to  exceed  ^y^  times  in  five  years. 

39.  Operating  motor-driven  centrifugal  pumps,  rotating  and  shaking  screens  and 
elevators,  and  for  lighting  purposes.  Also  conveyors,  rotating  dry  kilns,  washers, 
diops,  etc.  (24  hours  per  day). 

BESPONSE  OF  PBODXTCEB  TO  ST7DDBN  CHANGES  IK  DEMAND. 

Following  ar0  tabulated  data  relative  to  the  response  of  various 
types  of  gas  producers  to  sudden  changes  in  demand: 


DaJla  regardmg  response  of  various  types  of  gas  producers  to  sudden  changes  in  demand, 

TTP-DRATT  PLAVTS. 
PLANTS  BUBND^G  ANTHRACITE  COAL. 


Plant 
No. 


Horaspower 
at  each  gas 
goDarator. 


Reply  of  owner  or  operator  to  the  query, "  Does  the  gas  producer  respond  readily 

to  sudden  changes  in  demand?''^ 


1. 
6. 

9. 
14 
16 
18 
19 
20 
32 
34 
36 


Yes. 

Yes;  for  engine  load  fluctuation.    Starting  a  second  engine  takes  about  20  min- 
utes before  gas  is  steoug. 
Reasonably  so. 

Load  is  nearly  constant.    Believe  it  would  be  slow. 
Yes. 

Do. 

Do. 

Do. 
Producer  is  so  large  that  It  instantly  covers  requiromflCkts. 
One  alone  does  not.    Good  on  full  number. 
Yes. 


4318e**--BuU.  109—1^ 
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Data  regarding  response  of  various  tyfes  of  gas  producers  to  sudden  changes  in  demand— 

Continued. 

TTP-DBATT  PUOrTS— Coatlnaed. 
PLANTS   BURNING   BITUMINOUS  COAL. 


Plant 
No. 


Horsepower 
of  each  gas 
generator. 


Reply  of  owner  or  operator  to  the  query,  "Does  the  ns  producer  respond  readfly 

to  sadden  changes  in  demand?  '^ 


3.. 
6.. 
12. 
17. 
21. 
25. 
83. 
37. 
39. 


200 

1,000 

2,500 

260 

650,1,000 

300,400 

260 

aoo 

370 


Yes;  If  fuel  bed  is  in  good  shape. 
Yes. 

Do. 

Do. 
No  trouble. 
Yes. 
No. 

Yes;  as  long  as  fires  are  kept  regular. 
No. 


PLANTS  BURNING  LIGNIJE, 


4.. 
7.. 
U. 
15. 
38. 


Yes;  when  working  well. 
Yes. 

Do. 

Do. 

Do. 


PLANTS  BURNING  WOOD. 


13. 
25. 


Yes;  about  5  minutes  required  for  increase  in  volume. 
Yes. 


DOWV-DBArr  PLASTS. 

PLANTS  BURNING  BITUMINOUS  COAL. 


8....... 

800 

Perfectly. 

20 

250 

Yes. 

22 

500 

Have  none. 

23 

1,600 

Yes. 

94 

1,500 

Do. 

27 

250 

No. 

28 

375,500 

Proper  care  required. 

29 

200 

No. 

35 

250 

Demand  Is  steady. 

DOTTBLB-ZOn  PLAHTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 


2 

8 

250 
500 

Yes. 
Perl^ly. 

PLANT  BURNING  LIGNITE. 

31 

200 

Yes. 

PERIOD  OF  CONTINXJOXTS  OPERATION. 

The  data  following  were  furnished  in  answer  to  a  query  regarding 
the  period  of  operation  of  gas  producers.  ^ 


PERIOD  OF  CONTINUOUS  OPEBAnON. 
Period  ofoontinuou8  operaUon  of  gas  producen. 

UP-DRArr  PUUVTS. 
PLANTS  BURNING  ANTHRACITE  COAL. 
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Plant  No. 

Horse- 
power o( 
each  gas 
geioflrator. 

l^ength  of 

service 
each  day. 

Time  in  con- 
tinnousoper- 
•     atioQ. 

14 

75 
160 
250 
250 
300 
800 
850 
400 

Bburt. 
24 
24 
8to7 
24 
24 
10 

.   5t024 
24 

Pof*. 

20 

e 

32 

Do. 

34 

Do. 

19 

50 

38 

1 

7 

16 

830 

PLANTS  BURNING  BITUIONGUS  COAL. 


DOWH-DRAR  PLAHTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 


BOUBLX-ZOHB  PZiAVTS. 

PLANT  BURNING  BITUMINOUS  COAL. 


17 

{ 
{ 

2S0 

2S0 

800 

400 

870 

550 

1,000 

1,000 

2,500 

X 

0 

33 

14 

10 

24 

10 

16 
94 

2 

25 

OontiniiOQil* 

39 

8 

21 

ContlnuoiiBT 

5 

0 

12 

180  to  800 

PLANTS  BURNING  LIGNITE. 

• 

4 

100 
100 
100 
260 
800 

• 

8 
11 
14 
24 
24 

200  to  800 

7 

A 

15 

3 

11 

^-onthnionSw 

3S 

Do. 

PLANTS  BURNING  WOOD. 

U 

{ 

150 
200 
280 

7 

% 

} 

24 

7 

29 

200 

250 

260 

260 

/            376 

\            600 

600 

800 

1,600 

1,600 

24 
24 
10 
10 

}       « 

10 
24 
24 
24 

P.mitfnnflnii_ 

20 '   ■■ 

80 

27 

0 

3s ;; !*!!.'. .!!I!.;!!!''!!!!!!!!!!;!!!'!!!'!*;'!!!!!" 

A 

28 

14 

22 

6 

8 *        .        *      " 

10  to  15 

23 ; [[[[[yyyyy  [[]["['.'['"  [].[.'[]]' ][]'.'. 

15 

31 

15  to  20 

Coatinuons. 


PLANT  BURNING  LIGNITE. 

31 

200 

24 

730 

_ 
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BBUABILITY  AND  LENGTH  OF  SERVICE  OF  PLANTS. 

The  following  queries  were  included  in  the  general  request  for 
information  sent  to  owners  and  operators  of  gas  producers:  Has  the 
plant  proved  reliable?  If  not,  what  is  the  cause  of  failure?  How 
many  years  has  the  plant  been  in  service  ?    The  data  supplied  follow. 

Data  regarding  reliability  and  length  of  service  of  producer^goM  plantt. 

XTP-BBArr  PUUVTS. 

PLANTS  BURNING  ANTHRACITE  COAL. 


Plant 
No. 

Horsepower 
of  each  gas 
generator. 

Total  horm- 

powerof 

plant. 

Reply  of  owner  or  operator  to  queries. 

14 

10 

6 

32 

0 

1 

20 

75 
800 
150 
260 
160 

860 

200 
800 

150 
300 
450 
500 
640 

700 

Yes.   In  service  7  years. 

Yes. 

In  servloe  8  years. 

Yes.   In  service  Syears. 

Reasonably  so.   Have  had  a  few  minor  troubles,  but  nothing  serious. 

Inservice7years.        ' 
No.   Too  many  little  things  that  may  happen  to  cause  a  shutdown, 

such  as  change  of  quality  of  gas  and  poor  ignition.    In  service  3t 

years. 
Yes,  after  some  minor  changes. 
Yes.   In  service  4  years. 

18 

PLANTS  BURNING  BITUMINOUS  COAL. 


8. 

17 
33 
39 


25 
12 
21 

5. 


200 


250 
250 
370 


800,400 
200^;2,500L 
650,1.000 


1,000 


400 
500 

'i,'i66' 


1,400 
3.500 
3,650 


4,000 


Yes,  very  reliable.  Plant  competes  with  a  hydroelectric  plant  that 
oners  current  at  less  thjui  2  cents  per  kilowatt-hour.  A  i>art  of  the 
plant  is  run  with  motors,  but  a  majority  of  it  is  run  from  a  main  line 
shaft.  The  manufacturing  processes  require  steady  power  24  hours  a 
day,  7  days  a  week.   In  SOTvice  9  years. 

Yes. 

No.   Tar  and  gas  stick  valves  of  engine  and  choke  aombber  and  pipes. 

No.  Irregularity  in  thermal  quality  of  gas.  Choldnsofgas  mains  and 
engine  regulators  with  tar.  Engines  are  undoubtedly  rated  too  high. 
Improved  mixing  valves  and  gas-inlet  passages  would  probably  result 
in  mcreased  capacity.  However,  conslderaole  expense  would  be  in- 
volved. Plant  nas  Seen  superseded  by  l,OO(K]d]0watt  steam  turbtoe 
installed  in  1911.   In  service  2  years. 

Yes.   One  unit  in  service  3  years,  and  one  unit  2  years. 

Yes.    Power  units  in  service  3  years;  fuel  unit,  I  ycac  .    - 

After  first  year.    At  first  had  some  trouble  on  account  of  tar  and  with 
the  washing  equipment.    Since  October,  1913,  have  been 
natural  gas.    In  service  4  years. 


naing 


Producers  were  operated  3  years  continuously  and  were  discontinued, 
but  are  still  in  good  condition. 


PLANTS  BURNING  .LIGNITE. 


4. 

7. 
15 

38 


11. 


Producer  was  bought  for  100  horsepower,  but  at  present  does  nothave 
capacity  of  00. 

Yes.   In  service  5  years . 

No.  Unit  has  not  been  run  during  the  past  12  months.  Failure  thot^t 
to  be  due  to  prejudice  on  the  pah  of  engineer  and  helpers,  or  possWy 
the  attention  rea  uired  was  too  tedious  compared  with  the  steam  plant. 

Yes.  Most  trouble  and  expense  has  been  with  exhaust  piping.  This 
trouble  was  overcome  by  installing  two  short  sections  of  water^keted 
exhaust  pipes  oonnectuig  into  fire-brick  lined  steel  shell  placed  be- 
tween the  twin  engines  and  containing  a  stack  of  cast-Iran  water- 
heating  spiders,  or  star-shaped  sections,  which  heat  all  jacket  water 
from  130'  to  200^  F.  About  one-half  of  this  hot  water  is  used  tor 
industrial  purposes  and  the  balance  for  humidifying  the  producer 
ash-pit  air.    In  service  5  years  and  4  months. 

Yes.   In  service  5  years. 
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Data  regarding  reliabUiiy  and  length  of  service  of  producer-gas  plants — Continued. 

XTP-BBAVT  PliAVTS— Continued. 
PLANTS  BUBNING  WOOD. 


Pbnt 
No. 

Honspowv 
of  each  gas 
generator. 

Total  horae- 

I>ower  of 

plant. 

Reply  of  owner  or  operator  to  queries. 

13 

26 

150 
200,280 

150 
1,040 

Yes.  After  finding  out  how  to  use  wet  wood.  When  plant  was  flnt 
started  used  up  a  large  quantity  of  good  dry  wood  on  hand.  Plant 
then  put  on  very  green  wet  wood,  requiring  much  reoonstructlon  of 
method  of  operation.   In  service  intermittently  for  2  years. 

Yes. 

BOWV-DBATT  PLAHTS. 
PLANTS  BURNING  BITUMINOUS  COAL. 


*'  All  my  figures  have  been  destroyed,  as  we  gave  up  the  engine  2  years 

2^0  and  nave  since  had  a  fire.  We  are  using  hydroelectric  power 
together  and  find  it  much  more  successful." 

Yes,  uter  some  minor  changes. 

Yes.   In  service  7|  years.  ^ 

Yes.  Company  is  now  changing  over  to  hydroelectric  power.  Pro- 
ducers and  engines  have  been  m  service  over  10  years  and  for  many 
reasons  are  not  using  power  economically,  owing  largely  to  rapid 
plant  growth  and  necessarily  poor  power-plant  location. 

One  pair  of  producers  In  service  6  years  and  one  pair  2  years. 

Yes.   In  service  6  years. 

Yes.   In  service  4  years. 

To  certain  extent.  Lack  of  knowledge  of  requirements  to  make  good 
quality  gas,  including  proper  grade  and  kind  of  coals,  grates,  steam 
and  air  supply,  and  method  of  firing  and  cost  of  apparatus. 


BOVBLB-ZOHB  PUUVT. 

PLANT  BURNING  BITUMINOUS  COAL. 


Fairly.   Most  trouble  from  poor  grade  of  coal.    In  service  2^  years. 
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CONCENTRATION  EXPERIMENTS  WITH  THE  SILICEOUS 
RED  HEMATITE  OF  THE  BIRMINGHAM  DISTRICT,  MA. 


By  Joseph  T.  Singewald,  Jr. 


INTBODXTCTION. 

The  possible  value  of  the  red  hematite  iron  ore  of  the  southern 
Appalachian  States,  if  some  practicable  method  of  concentrating 
it  could  be  devised,  has  long  been  recognized.  The  ore  is  very 
low  grade,  and  although  in  enormous  quantities,  particularly  in  the 
States  of  Alabama,  Tennessee,  and  Greorgia,  is  only  at  a  few  points 
rich  enough  to  work,  and  even  the  best  of  it  ranks  among  the  lowest 
grade  iron  ores  being  mined  in  the  United  States.  A  cheap  method 
of  beneficiating  this  ore  would  make  enormous  quantities  available 
and  vastly  increase  the  iron-ore  resources  of  the  country.  However, 
this  low-grade  ore  in  effect  constitutes  a  potential  iron  reserve,  and 
as  long  as  ample  quantities  of  ore  can  be  obtained  elsewhere  the 
question  of  its  utilization  does  not  demand  immediate  notice. 

Where  these  ores  are  in  part  of  workable  grade,  however,  a  prob- 
lem of  more  immediate  importance  arises  which,  from  considerations 
of  economy  and  prevention  of  waste  in  their  mining,  ought  to  be 
solved  or,  at  least,  attacked  as  quickly  as  possible.  Where  these  ores 
are  being  worked  they  are  usually  intimately  associated  with  lower- 
grade  material  that  in  mining  is  left  behind.  The  difficulty  and 
expense  of  going  into  ground  broken  by  old  workings  makes  the 
recovery  of  this  lower-grade  ore  practically  impossible  and  it  is  lost 
forever.  Success  in  concentrating  the  red  ores,  therefore,  would  save 
material  that  is  now  being  irretrievably  lost.  The  successful  large- 
scale  concentration  of  low-grade  ore  in  the  last  few  years  on  the 
Lake  Superior  iron  ranges  should  encourage  the  attack  of  similar 
problems  in  the  Birmingham  district. 

While  studying  iron-mining  methods  in  the  United  States  for  the 
Bureau  of  Mines,  Dwight  E.  Woodbridge,  consulting  mining  engi- 
neer of  the  bureau,  was  impressed  with  the  importance  of  this 
problem,  and  believed  it  merited  the  attention  of  the  bureau.  Ac- 
cordingly, Mr.  Woodbridge  had  Mr.  W.  J.  Penhallegon,  general 
superintendent  of  ore  mines  and  quarries  of  the  Republic  Iron  & 
Steel  Co.,  of  Birmingham,  send  the  author  of  this  report  five  samples 
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8  CONCENTBATION   OF  SILICEOUS  HEMATITE. 

of  the  unworkable  siliceous  ores  of  the  district.  The  results  of  con- 
centration experiments  with  these  ores  made  a  more  thorough  and 
systematic  investigation  desirable.  In  consequence,  the  author  sub- 
sequently collected  samples  in  the  district,  and  these  became  the  basis 
of  the  experimental  work  described  in  this  report  The  results  are 
published  by  the  Bureau  of  Mines  as  a  part  of  its  efforts  to  increase 
efficiency  in  the  utilization  of  mineral  resources. 

The  experiments  were  conducted  in  the  geological  laboratory  of  the 
Johns  Hopkins  University,  Baltimore,  Md.,  with  the  aid  of  Raymond 
Leibensperger,  mining  assistant.  The  chemical  analyses  were  made 
by  A.  C.  Fieldner,  chemist,  of  the  Bureau  of  Mines. 

The  author  wishes  to  express  his  appreciation  of  the  courtesies  ex- 
tended to  him  by  the  mining  companies  of  the  district,  and  par- 
ticularly to  Mr.  W.  J.  Penhallegon,  of  the  Republic  Iron  &  Steel  Co. 
Thanks  are  also  due  Prof.  W.  B.  Clark,  director  of  the  geological 
laboratory  of  the  Johns  Hopkins  University,  for  the  unrestricted  use 
of  the  facilities  of  the  laboratory. 

QENEBAL  FIELD  BEI^TIONS  AND  QUALITY  OF  THE  OBES. 

The  general  field  relations  of  the  ores  of  the  Birmingham  district 
have  been  fully  described  by  Burchard  and  Butts,®  and  somewhat 
the  same  groimd^  with  greater  emphasis  on  the  industrial  conditions 
of  the  district,  is  covered  by  Phillips.^  For  detailed  particulars  on 
these  points  the  reader  is  referred  to  these  two  reports,  as  no  attempt 
will  be  made  here  to  duplicate  the  information  they  present.  For  the 
benefit  of  those  not  especially  interested  in  these  points,  and  to  make 
the  purpose  of  this  report  more  intelligible  to  such  to  whom  the 
above  publications  are  not  available,  a  summary  of  the  general  field 
relations  of  the  district  is  given. 

EXTENT  OF  THE  DISTRICT. 

The  Birmingham  district  is  a  narrow  belt  about  7S  miles  long  and 
10  miles  wide,  with  a  northeast  trend.  Near  the  middle  of  the  belt 
is  the  city  of  Birmingham,  which  stands  in  a  broad  anticlinal  valley, 
known  as  Birmingham  Valley,  that  extends  the  whole  length  of  the 
belt.  The  iron  ores  lie  in  the  ridges  on  both  sides  of  the  valley,  but 
by  far  the  most  important  beds  are  along  the  east  side,  in  what  is 
known  as  Red  Mountain.  Nearly  all  of  the  mining  in  the  district 
has  been  confined  to  that  part  of  Red  Mountain  lying  between  Mor- 
row Gap  on  the  northeast  and  Sparks  Gap  on  the  SQUthwest,  a  dis- 

•  Burchard,  E.  F.,  an<l  Butts,  Charles,  Iron  ores,  fuels,  and  fluxefl  of  tbe  Birmingham 
district,  Ala.,  with  chapters  on  the  origin  of  the  ores,  by  E.  C.  Eckel :  Bull.  400,.  U.  S. 
Geol.  Survey,   IftlO.  204  pp. 

^Phillips,  W.  n..  Iron  making  In  Alabama:  3d  ed.,  Geol.  Survey  of  Alabama,  1912, 
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tance  of  about  26  ]nile&  This  part  of  the  district  and  the  location 
of  the  mines  from  which  the  samples  were  collected  are  shown  in 
Plate  I.  The  area  of  greatest  activity  is  even  smaller,  and  in  the 
summer  of  1914,  when  the  iron  industry  was  at  a  low  ebb,  mining 
was  practically  confined  to  that  part  of  Red  Mountain  between 
Graces  Grap  and  Sparks  6ap,^a  distance  of  about  10  mileis.  All  the 
largest  mines  of  the  district  are  included  in  this  latter  area* 

THE  ORE  BEDS. 

The  ores  are  bedded  in  the  Clinton  or  Rockwood  formation,  of 
Silurian  age,  which  outcrops  along  Bed  Mountain,  and  gives  the 
mountain  its  name.  The  beds  dip  away  from  the  valley  at  angles 
ranging  from  15°  to  46®,  but  averaging  less  than  30*=^.  One  or  more 
ore  beds  of  greater  or  less  importance  are  everywhere  present  in  the 
Bockwood  formation,  and  within  that  part  of  Bed  Mountain  of 
greatest  economic  importance — that  is,  between  Morrow  Gap  and 
Sparks  Gap — there  are  four  important  beds,  known,  respectively,  in 
their  order  from  top  to  bottom,  as  the  Hickory  Nut,  Ida,  Big,  and 
Irondale  seams.  The  Hickory  Nut  seam  is  the  least  important  of 
the  four  and  has  received  little  attention.  It  comprises  3  to  5  feet 
of  sandy  ore  or  ferruginous  sandstone,  characterized  by  abundant 
fossils  of  the  brachiopod  Pentamerus  ohlongus,  which,  on  account  of 
looking  like  a  hickory  nut  in  its  hull,  has  given  the  bed  the  name. 
The  bed  lies  about  12  to  20  feet  above  the  Ida  seam  and  reaches  its 
greatest  thickness  between  Birmingham  and  Bessemer.  The  other 
three  seams  are  described  on  subsequent  pages  in  connection  with  the 
results  of  the  concentration  experiments. 

MINERALOGICAL  COMPOSITION  OF  THE  ORES. 

Mineralogically  the  ores  consist  of  red  hematite  and  include  two 
structural  varieties,  oolitic  and  fossil,  which  usually  occur  mixed. 
Usually  the  nuclei  of  the  oolites  are  small  grains  of  sand,  about  which 
successive  layers  of  iron  oxide,  and  frequently  thin  layers  of  silica 
and  aluminous  material,  have  been  deposited.  The  fossil  ore  con- 
sists of  fragments  of  such  fossil  forms  as  bryozoans,  crinoids,  corals, 
and  brachiopods. 

In  addition  to  the  iron  oxide  the  ores  carry  varying  percentages  of 
calcium  carbonate,  silica,  alumina,  magnesium  carbonate,  and  other 
constituents  in  minor  amounts.  Where  surface  waters  have  leached 
out  the  calcium  carbonate  the  ore  is  porous  and  friable,  and  is  known 
as  "soft  ore";  in  contrast,  the  unaltered  ore  is  called  "hard  ore." 
The  "  hard  ores"  naturally  foi'm  the  great  bulk  of  the  deposits,  and 
those  mined  at  present  range  in  composition  from  32  to  45  per  cent 
iron,  5  to  20  per  cent  lime,  2  to  25  per  cent  silica,  2  to  5  per  cent 
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alumina,  1  to  3  per  cent  magnesia,  0.25  to  1.5  per  cent  phosphorus, 
from  a  trace  up  to  0.5  per  cent  sulphur,  and  0.5  to  3  per  cent  water." 
Actually  the  ores  average  well  under  40  per  cent  iron,  and  their  value 
depends  chiefly  on  the  relative  propprtions  of  lime  and  silica. 
Roughly  speaking,  a  self-fluxing  ore  is  one  in  which  the  lime  is 
slightly  in  excess  of  the  silica.  As  such  an  ore  requires  in  smelting 
no  addition  of  limestone,  it  is  equivalent  to  a  higher  grade  siliceous 
ore  that  requires  added  flux.  If  the  proportion  of  lime  is  in  excess 
of  that  required  for  a  self -fluxing  ore,  a  quantity  of  siliceous  ore  can 
be  added.  This  is  done  in  the  district  for  the  most  part  by  using  a 
mixed-charge  of  limy  ore  and  brown  ore. 

THE   PBOBLElff   OF    CONCENTBATION. 

The  great  bulk  of  the  red  ore  of  the  district  is  high  in  silica  and 
comparatively  low  in  lime,  so  that  the  addition  of  considerable  flux 
would  be  necessary  in  smelting.  The  iron  content  of  the  ore  is  so 
low,  however,  that  the  iron  content  of  the  furnace  charge  would  be 
reduced  enough  to  make  the  use  of  the  ores  unf  eaable.  •  Only  those 
ores,  therefore,  that  are  self-fluxing  or  nearly  self -fluxing  can  be  used 
at  present. 

How  far  the  ore  can  depart  from  the  self-fluxing  type  and  still 
be  workable  depends  entirely  on  the  status  of  the  iron  industry.  For 
example,  the  upper  bench  of  the  Big  seam  at  the  Spaulding  mine  is 
workable  when  the  demand  for  iron  is  good  and  unworkable  when 
the  demand  slumps.  The  average  composition  of  this  ore  is  about 
35  to  36  per  cent  iron,  17  to  18  per  cent  silica,  and  12  per  cent  lime, 
and  it  may  be  regarded  as  representing  the  dividing  line  between  ore 
that  is  workable  and  ore  that  is  not  workable  under  average  con- 
ditions. 

Most  of  the  ore  of  this  composition,  or  better,  lies  between  Birming- 
ham and  Bessemer,  and  is  Big  seam  ore.  But,  as  is  explained  more 
fully  in  the  section  dealing  with  the  Big  seam  ores,  only  the  upper 
part  of  the  Big  seam  comes  within  these  limits,  consequently  the 
lower  part  is  left  in  the  mines*  As  the  old  workings  cave,  the  col- 
lapsed roof  will  make  unprofitable  the  future  mining  of  the  rest  of 
the  bed.  It  is  with  reference  to  the  lower  bench  of  the  Big  seam  in 
this  part  of  the  Birmingham  district  that  this  investigation  is  of 
most  importance.  For  each  ton  of  ore  removed  in  mining  at  least 
one  ton  of  the  siliceous  lower  bench  is  left  in  the  ground,  and  as  the 
annual  production  is  three  to  four  million  tons,  the  annual  loss  is 
at  least  that  much.    The  total  of  the  ore  reserves  in  the  lower  bench 

«  Burchard,  E.  F„  and  Butts.  Charlps,  Iron  ores,  fueiR,  nnd  fluxes  of  the  Birmingham 
district,  Alnbama.  with  chapters  on  the  origin  of  ores,  by  E.  C.  Eckels:  U^  S.  Oeol. 
Survey  Bull.  400.  1910,  p.  27. 
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of  the  Big  seam  within  the  area  under  consideration  is  estimated  at 
146^000,000  tons.« 

An  early  solution  of  the  problem  of  beneficiating  these  lower  bench 
ores  is,  therefore^  to  be  sought  in  order  to  stop  the  waste  of  resources 
that  at  some  future  time  will  undoubtedly  have  value.  Also,  the 
solution  of  this  problem  would  place  among  the  available  iron-ore 
reserves  of  the  country  a  vast  tonnage  of  low-grade  ores  in  other 
parts  of  Alabama,  as  well  as  in  Tennessee  and  Greorgia,  and  wherever 
the  Clinton  ores  occur. 

For  the  purpose  of  determining  the  possibility  of  removing  silica 
and  concentrating  iron  in  these  ores,  89  samples  were  taken  from 
various  mines  lying  along  Bed  Mountain  between  the  Buffner  mine 
on  the  northeast  and  the  Fossil  mines  on  the  southwest;  2  of  these 
samples  were  from  the  Ida  seam,  3  from  the  Irondale,  24  repre- 
sented the  lower  bench  of  the  Big  seam,  and  the  other  10  were  from 
the  upper  bench;  23  of  the  24  lower  bench  samples  were  taken  along 
Red  Mountain  southwest  of  Graces  Gap ;  that  is,  in  the  mines  where 
this  ore  is  being  lost. 

EABLIEB  WORK  ON  THE  BENEFICIATION  OF  THE  CLINTON  OBES. 

The  problem  of  beneficiating  the  Clinton  ores  has  been  attractive 
enough  to  stimulate  numerous  attacks  in  the  past.  Efforts  have  been 
directed  toward  applying  some  known  method  of  treatment  or  toward 
devising  some  new  method  especially  adapted  to  these  ores.  The 
fact  that  none  of  the  methods  is  in  use  shows  that  the  attempts 
were  not  commercially  successful.  Results  of  many  experiments  by 
private  individuals  on  their  own  initiative  or  by  private  companies 
have  never  been  made  known.  Recently  an  experimental  mill,  said 
to  have  a  capacity  of  about  800  tons  in  24  hours,  was  erected  at  one 
of  the  mines  and  has  made  trial  runs,  but  the  persons  interested 
refuse  to  give  out  any  data  oa  the  results. 

The  most  extensive  series  of  experiments  that  have  been  carried 
out  seem  to  be  those  of  Phillips,^  and  of  Wilkens  and  Nitze,"^  made 
nearly  20  yeats  ago. 

Results  are  summarized  in.  Phillips'  Iron  Making  in  Alabama, 
chapter  IV,  concentration  of  ores.  In  the  first  of  these  experiments 
the  ore  was  heated  to  majke  it  magnetic,  and  then  passed  over  a 

*Biirchard,  B.  F.,  and  Butts,  Charles,  Iron  ores,  fuels,  and  flnzes  of  the  Birmingham 
district,  Alabama,  with  chapters  on  the  origin  of  the  ores,  by  B.  C.  BJckel:  U.  S.  Geol. 
Survey  BnU.  400,  1010,  p.  182. 

^PhiUips,  W.  B.,  Notes  on  the  magnetization  and  concentration  of  iron  ores:  Trans. 
Am.  Inst.  Min.  Bng.,  voL  25,  1896,  pp.  899-423 ;  Concentration  of  low-grade  iron  ores : 
Rng.  and  Min.  Jour.,  vol.  02,  1896,  pp.  75,  76.  105,  106,  124,  125,  151. 

'  Wilkens,  H.  A.  J.,  and  Nitse,  H.  B.  C,  The  magnetic  separation  of  nonmagnetic  ma- 
terial :  Trans.  Am.  Inst  Mift.  Eng.,  vol.  26,  1897,  pp.  351-370.  Discussion  of  this  paper 
by  W.  B.  Phillips,  pp.  1089-1093. 
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magnetic  separator;  but  the  experimenter  soon  found  that  magnetic 
separation  could  be  effected  directly.  Numerous  experiments  were 
made  on  a  working  scale  and  about  500  analyses. 

Attention  was  directed  chiefly  to  the  low-grade  soft  ores,  and  the 
experiments  demonstrated  that  by  crushing  such  ores  to  pass  a  15- 
mesh  screen,  it  was  entirely  feasible,  with  a  ratio  of  concentration 
of  2  to  1  and  an  iron  recovery  of  about  85  per  cent,  to  make  concen- 
trates carrying  over  50  per  cent  iron  from  ores  that  in  their  crude 
state  were  worthless.  The  average  composition  of  eight  samples 
of  the  low-grade  crude  tested  was  88  per  cent  iron  and  42.5  per  cent 
silica.  The  average  compositicm  of  the  concentrates  obtained  was 
52.34  per  cent  iron  and  21.63  per  cent  silica,  with  a  ratio  of  concentra- 
tion of  1.93  and  an  average  iron  recovery  of  71.4  per  cent.  This 
average  concentrate  is  of  somewhat  higher  grade  than  the  average 
soft  ore  now  mined.  Phillips  estimates  the  cost  of  producing  a  ton 
of  50  per  cent  iron  concentrates  under  favorable  conditions  at  about 
$1,35 ;  he  says  that  this  kind  of  ore  is  worth  $1.60  to  $1.80  per  ton, 
and  that  the  price  for  55  per  cent  concentrates  would  be  $2  per  ton. 

The  results  of  four  tests  of  samples  of  hard  ore,  as  given  by 
Phillips,  are  as  follows: 

Results  of  4  concentration  tests  of  samples  of  hard  ore. 


Sample. 

Crude  ore. 

■ 

Concentrates. 

Ratio  of 
concen- 
tration. 

Ironre- 

Iron. 

Lime. 

Insoluble. 

Iron. 

Lime. 

Insoluble. 

co\'ory. 

A 

Percent. 
37.60 
34.50 
31.80 
32.80 
34.18 

Percent. 
15.00 
17.10 
10.79 
9.00 
13.20 

Percent. 
16.20 
18.04 
83.10 
83.70 
35.26 

Ptr  cent. 
48.70 
45.40 
43.15 
44.50 
45.44 

Percent. 
9.76 
11.45 
8.80 
9.00 
0.75 

Percent. 

.  10.26 
12.25 
19.66 
17.30 
14.87 

1.82 
L56 
3.27 
L73 
L85 

Percent. 
71.2 

B 

84.2 

c 

60.7 

D 

78-7 

Av6nuc4. .  -  r  - 1 

73.5 

The  first  two  of  these  samples  represent  an  almost  self -fluxing  ore 
similar  to  those  of  the  upper  bench  of  the  Big  seam  ores,  and  although 
beneficiation  has  jrielded  a  much  higher  grade  product,  ores  of  this 
composition  can  be  profitably  smelted  crude  when  the  demand  for 
iron  is  strong.  Such  ores  are  of  slightly  higher  grade  than  the  upper 
bench  ores  of  the  Spaulding  mine,  which  are  just  about  at  the  lower 
workable  limit  The  last  two  samples  represent  ores  that  more 
nearly  approach  the  composition  of  the  Buffner  ores  described  in 
this  report  and  were  decidedly  low  grade.  The  results  Phillips  ob- 
tained with  these  samples  were  not  encouraging,  and  in  this  respect 
are  like  those  the  author  obtained  with  the  Euffner  ores.  Although 
the  concentrate  was  bettef  than  the  crude  ore,  it  was  not  of  high 
enough  grade  to  warrant  the  cost  of  treatment. 
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As  the  samples  tested  by  Phillips  represent  two  groups  of  ores 
of  entirely  different  types,  the  average  of  the  four  samples  has  no 
particular  significance.  It  is  noteworthy  that  beneficiation  did  not 
reduce  the  lime  content  as  much  as  the  silica  content,  so  that  the  con- 
centrates are  more  nearly  self-fluxing  than  is  the  crude  ore.  This 
result  is  in  accordance  with  those  obtained  by  the  author  of  this 
report. 

Another  point  on  which  the  two  series  of  experiments — ^by  Phil- 
lips and  the  author — agree  is  that  the  iron  content  of  the  concentrates 
obtained  from  the  soft  ores  is  higher  than  50  per  cent,  whereas  that 
obtained  from  the  hard  ores  runs  below  50  per  cent  and  is  usually 
about  45  per  cent. 

Unfortunately  these  experiments  throw  little  light  on  the  amena- 
bility to  treatment'  of  the  siliceous  hematites  having  the  composition 
of  those  in  the  lower  bench  of  the  Big  seam.  The  upper  bench  self- 
fluxing  ores  are  now  being  worked,  and  the  concentration  of  the 
lower  bench  ores  is  of  immediate  importance. 

Of  great  interest,  because  of  the  method  used  being  essentially 
that  used  in  this  investigation,  are  some  experiments  made  in  a  pri- 
vate laboratory  at  Wilmington,  Del.,  with  what  is  known  as  the 
Moxham-du  Pont  haloid  process.  The  general  results  of  these  ex- 
periments have  been  cited  by  Burchard  ^  and  are  given  here  in  more 
detail  with  the  consent  of  A.  J.  Moxham.  The  ore  tested  was  from 
Pleasant  Hill,  Ala.,  and  was  too  low  grade  for  profitable  mining. 
It  was  ground  to  pass  through  a  I'OO-mesh  screen  and  subjected  to 
float  and  sink  tests  in  troughs  containing  haloid  solutions  of  specific 
gravity  high  enough  to  float  the  tailings.  Three  tests  of  this  ore  in 
solutions  of  different  specific  gravity  gave  the  results  shown  below. 


Results  of  S  i^oncentration  tests. 


Composition  of— 

Separation. 

Ratio 
of  con- 
centra- 
tion. 

Iron 
recov- 
ered. 

Bpe- 

ciflc 

gravity 

of 

No.  of 
test. 

Crude  ore. 

Concentrates. 

Tailings. 

Con- 
cen- 
trates. 

Tail- 
ings. 

Iron. 

Insolu- 
ble. 

Iron. 

Insohi- 
ble. 

Iron. 

Insolu- 
ble. 

solu- 
tion. 

P.  el. 

A 34.32 

B 34.32 

C 34.32 

P.ct. 
44.80 
44.80 
44.80 

P.ct, 
63.32 
42.40 
41.10 

P.ct. 
16.90 
36.28 
34.  £0 

P.ct 

17.55 

14.30 

6.20 

P.ct. 
72.00 
78.60 
90.76 

P.et. 

48.8 
70.8 
81.2 

P.ct. 
51.2 
29.2 

18.8 

2.05 
1.41 
1.23 

P.et. 
75.7 
87.4 
97.2 

3.64 
3.34 
3.06 

From  its  composition,  this  ore  probably  was  a  low-grade  soft  ore, 
and  hence  the  results  can  not  be  compared  with  those  of  tests  of  the 

*  Borchard,  E.  F.»  in  ContributionB  to  economic  geology,  Preliminary  report  on  the  red 
iron  ores  of  east  Tennessee,  northeast  Alabama,  and  northwest  Georgia :  U.  S.  Geol.  Sur- 
vey Boll,  540.  1914,  pp.  32^-826 ;  Geol.  Survey  of  Tenn.,  Bull.  16,  1913,  p.  161. 
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siliceous  hard  ores.  The  grade  of  the  first  concentrate  is  better  than 
that  of  the  best  soft  ores,  so  that  the  experiments  show  the  possibility 
of  making  an  easily  marketable  concentrate  from  an  ore  as  siliceous 
as  that  used  and  of  saving  three- fourths  of  the  iron  in  the  crude  ore. 
The  cost  of  crushing  to  100  mesh  would  probably  be  prohibitive  in 
commercial  work.  Beneficiation  of  other  low-grade  iron  ores  by  this 
method  is  being  studied,  and  an  experimental  plant  of  commercial 
size  has  been  erected  for  testing  the  Oriskony  limonites  at  the  Rich 
Patch  mines  in  Virginia.  If  the  method  finally  proves  commercially 
practicable,  it  will  be  of  great  importance  in  the  treatment  of  siliceous 
red  hematites. 

Ordinary  wet  methods  of  concentration  are  being  u^d  for  treat- 
ing low-grade  iroa  ores  on  the  Lake  Superior  ranges,  and  have  proved 
so  successful  that  the  tonnage  treated  is  continually  increasing.  How- 
ever, these  Lake  Superior  ores  differ  from  the  siliceous  red  hematites 
under  consideration,  and  hence  the  results  obtained  can  not  be  applied 
to  the  treatment  of  Clinton  ores.  Yet  the  work  has  shown  that  the 
concentration  of  iron  ores  by  wet  methods  is  feasible  on  a  large  scale. 

METHOD  OF  CONDUCTING  THE  EXPEBIHENTS. 

About  a  pound  of  each  sample  was  broken  in  a  small  Blake  crusher 
and  then  crushed  in  a  mortar  until  it  all  passed  through  a  20-mesh 
screen.  A  small  quantity  of  the  crushed  ore  was  taken  as  a  crude  ore 
sample  and  the  rest  was  subjected  to  a  screen  analysis.  For  this 
analysis  the  Tyler  standard  screen  scale  sieves  were  used,  the  sizes 
ranging  from  20  mesh  to  200  mesh.  In  these  screens  the  openings 
are  so  arranged  that  they  increase  in  the  ratio  of  the  square  root  of  2, 
the  sizes  in  the  screens  used  are  given  in  the  following  table : 

• 

Mesh  dimcimon  of  scrveiiH. 


Opening  in— 

Mesh. 

Inches. 

MlUimeters. 

20 

0.0328 

0.833 

28 

.0232 

.589 

35 

.0164 

.417 

48 

.0116 

.295 

65 

.0082 

.208 

100 

.0058 

.147 

1             150 

.0041 

.104 

200 

.0029 

.074 

As  all  the  sample  was  finer  than  20  mesh,  there  were  eight  sizes 
of  material.  The  seven  coarsest  were  subjected  to  concentration,  but 
what  was  finer  than  200  mesh  was  regarded  as  slimes  and  was  not 
treated. 
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To  separate  the  heavier  particles,  high  in  iron,  from  the  lighter 
particles,  low  in  iron  and  high  in  silica,  a  heavy  solution,  Thoulet 
solution  of  a  specific  gravity  of  8.0,  was  used.  Each  size  of  material 
was  treated  separately.  It  was  mixed  with  some  of  the  liquid  in  a 
separating  funnel;  the  heavy  particles  settled  to  the  bottom  and 
the  light  particles  floated,  the  two  portions  being  then  drawn  off 
separately.  In  this  way  each  sample  yielded  seven  sizes  of  concen- 
trates and  of  tailings,  besides  the  slime. 

METHOD  OF  PLOTTING  BEStTLTS. 

A  graphic  representation  of  the  results  was  prepared  by  plotting 
the  screen  analysis  as  a  broken  curve,  the  sizes  being  used  as  abscissas 
and  jiie  percentages  of  the  crushed  ore  as  ordinatea  The  percentages 
of  concentrates  and  tailings  that  each  size  yielded  were  also  shown 
graphically.  A  second  curve  was  plotted  with  the  acttial  quantity  of 
concentrate  produced  from  each  mesh  size  (percentage  of  concen- 
trate of  each  size X percentage  of  total  ore)  as  ordinates.  This 
second  curve  clearly  shows  how  much  each  mesh  size  contribute  to 
the  total  concentrates.  As  the  sum  of  these  products  gives  the  total 
percentage  of  concentrates  from  the  sample,  and  as  the  slimes  are 
known,  the  percentage  of  tailings  is  obtained  by  subtracting  their 
sum  (cencentrates-|-slimes)  from  100.  These  three  percentages  are 
represented  by  column  A  (see  figs.  1-47)  the  lower  part -representing 
the  concentrates,  the  middle  lined  part,  the  slimes,  and  the  upper 
black  part,  the  tailings.  Column  B  in  the  figures  is  likewise  divided 
into  three  corresponding  parts,  which  show  the  percentage  of  the 
total  iron  in  each.  From  these  figures  the  ratio  of  concentration  can 
be  calculated  for  the  concentrates  alone,  or  of  the  product  obtained 
by  mixing  the  slimes  and  concentrates  and  considering  it  as  the  final 
product  of  the  treatment. 

From  all  but  six  samples  the  concentrates  were  mixed  to  form  a 
sample  of  total  concentrates,  the  tailings  were  mixed  to  form  a 
total  tailings  sample,  and  these  two  products  were  analyzed  for  iron 
and  silica.  Also  the  crude  ore  sample  and  the  slimes  were  analyzed. 
From  these  analyses  and  the  percentages  of  concentrates,  tailings, 
and  slimes,  the  percentage  of  iron  recovered  in  the  concentrates  can 
be  calculated  and  also  that  of  the  concentrates  plus  slimes.  As  the 
slimes  were  of  about  the  same  composition  as  the  concentrates,  add- 
ing them  to  the  concentrates  much  increased  the  apparent  recovery. 

In  order  to  show  how  iron  and  silica  are  distributed  in  the  different 
mesh  sizes,  and  in  the  concentrates  and  tailings  obtained  from  them, 
the  concentrates  and  tailings  from  each  mesh  size  of  six  samples 
were  analyzed  separately;  and  the  composition  of  the  crude  ore  of 
that  mesh  size,  as  well  as  the  composition  of  the  total  concentrates 

102031**— 17— Bull.  110 2 
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and  tailings,  were  calcubited  from  the  analyses.  Lime  was  deter- 
mined often  enough  to  show  the  relation  of  the  lime  in  the  crude  ore 
to  that  in  the  concentrates.  The  pages  that  follow  present  the  de- 
tailed results  of  these  experiments. 

BESULTS  OF  CONCEKTBrATIOK  TESTS. 

THE  BIG  SEAM. 

The  Big  seam,  as  its  name  implies,  is  the  important  ore  bed  of 
the  district,  and  in  June,  1914,  was  the  only  one  being  worked.  Its 
general  characteristics  are  described  by  Burchard,**  as  follows : 

The  thickness  of  the  Big  seam  varies  from  16  to  30  feet.  It  extends  as  a 
traceable  unit  on  Red  Mountain  for  practically  the  whole  length  of  the  mining- 
district  Notwithstanding  the  great  thickness  there  are  rarely  more ^  than 
10  to  12  feet  of  good  ore  in  a  single  bench,  ,and  at  most  places  only  7  to  10 
feet  are  mined.  Probably  the  maximum  thickness  of  the  betl,  without  reference 
to  the  thickness  of  the  workable  part,  occurs  between  Red  Gap  (near  Irondale) 
and  Bald  Eagle,  although  for  a  mile  southwest  of  Red  Gap  the  bed  remains 
nearly  as  thick.  From  northeast  to  southwest  the  total  thickness  of  the 
ore-bearing  sediments  gradually  decreases,  without,  however,  altering  greatly 
the  thickness  of  the  workable  portion.  About  the  middle  of  the  district  the 
bed  becomes  separated  into  two  benches,  either  by  a  well-defined  parting 
along  the  bedding  plane,  or  by  a  shale  bed,  thin  at  first,  but  thickening  gradually 
to  the  southwest.  The  middle  of  the  Big  seam  Is  the  workable  part  In  the 
northeast  end  of  the  district,  but  the  upper  bench  is  of  most  Irajwrtance 
throughout  the  rest  of  the  area.  In  the  southwest  portion  of  the  district 
the  lower  bench,  which  farther  northeast  is  composed  of  ore  that  may  even- 
tually be  mined,  becomes  a  series  of  strata  of  lean  ore  and  shale  and  is  conse- 
quently of  no  possible  value;  and  finally  the  upper  bench  itself  becomes  shaly 
and  carries  only  a  very  low-grade  ore. 

From  this  description  of  the  Big  seam  it  is  evident  that  mining 
is  removing  50  per  cent  or  less  of  the  ore,  and  the  rest  is  being  left 
in  the  ground,  where  the  caving  of  the  workings  will  make  future 
recovery  costly  if  not  impossible.  In  the  part  of  the  district  now 
most  productive — that  is,  along  Red  Mountain  from  about  south 
of  Birmingham  to  Bessemer — ^the  siliceous  ores  form  the  lower 
part  of  the  seam  and  the  less  siliceous  and  more  highly  calca- 
reous ores  the  upper  part.  Burchard  says  that  in  the  northeast 
part  of  this  strip  the  two  benches  are  separated  by  a  mere  parting 
along  the  bedding  and  in  many  places  there  is  no  parting,  the  divid- 
ing line  being  purely  arbitrary ;  whereas  toward  the  southwest  a  thin 
shale  parting  that  gradually  increases  in  thickness  comes  in.  In 
this  part  of  the  district,  then,  the  upper  part  of  the  Big  seam  is 
being  worked  and  the  lower  part  left  in  the  ground.  Consequently 
most  attention  was  paid  to  the  lower  bench  ores  of  this  a,rea.  How- 
ever, several  samples  of  upper  bench  ores  were  also  tested  for  com- 

•  Burchard,  E.  F.,  and  Butts,  Charles,  Iron  ores,  fuels,  and  flaxes  of  the  Birmingham 
district,  Alabama,  with  chapters  on  the  orl^n  of  the  ores,  by  £.  C.  Eckel ;  U.  8,  Geol. 
Survey  Bull.  400,  1910,  pp.  46,  47. 
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parison.  On  the  following  pages  the  tests  of  upper  bench  ores  are 
considered  apart  from  those  of  lower  bench  ores.  Several  tests  were 
made  of  ores  not  included  in  either  of  these  groups. 

XJFPEB  BENCH,  BIG  SEAM. 

The  character  of  the  upper  bench  ore  gradually  changes  north  of 
a  point  about  opposite  Bessemer.  Around  Bessemer  the  ore  contains 
a  little  more  lime  than  is  needed  to  flux  the  silica  and  alumina,  and 
to  such  ore  a  siliceous  ore  can  be  added  to  make  a  self -fluxing  charge. 
Northeastward  the  silica  content  rises  and  the  lime  content  declines, 
until  near  Birmingham  the  ore  becomes  decidedly  siliceous. 

Phillips «  says  that  hard  red  ore  of  good  grade  has  the  following 
composition : 

Average  composition  of  good  hard  ore. 

Per  cent 

Water 0.50 

MetaUic   iron 37.00 

Snica 13. 44 

Lime 16.  20 

Alumina 3  18 

Phosphorus . .  37 

Sulphur .07 

Carbonic  acid^ 12.24 

The  term  self-fluxing,  so  he  states,  is  applied  to  those  varieties  of 
the  limy  ore  in  which  the  lime  content  equals  the  sum  of  the  silica 
and  alumina  contents.  Hence  the  analysis  above  represents  a  good 
self-fluxing  ore.  As  the  alumina  content  is  usually  small,  a  few  per 
cent,  a  self-fluxing  ore  may  roughly  be  considered  one  in  which  the 
lime  content  is  a  few  per  cent  in  excess  of  the  silica  content. 

The  ore  from  the  mines  about  Eeaders  Gap  averages  about  84  to  36 
per  cent  Fe,  10  to  13  per  cent  SiOj,  about  18  per  cent  CaO,  and  nearly 
4  per  cent  AljO^ ;  hence  its  lime  content  is  higher  than  that  required 
in  a  self -fluxing  ore.  Near  Spring  Gap  the  lime  content  is  such  that 
the  ores  are  just  about  self -fluxing,  and  at  Grraces  Gap  the  ores  have 
a  considerable  excess  of  silica.  Thus  the  ore  of  the  Songo  mine,  just 
south  of  Spring  Gap,  averages  about  34  per  cent  Fe,  12.5  per  cent 
SiOa,  and  16  per  cent  CaO ;  whereas  that  from  the  Spaulding  mine, 
at  Graces  Gap,  averages  about  36  per  cent  Fe,  19  per  cent  SiOj,  13 
per  cent  CaO,  and  nearly  3  per  cent  AlgOg.  Northeast  of  Birming- 
ham the  ore  grows  still  more  siliceous  and  at  the  Ruffner  mines  aver- 
ages about  32  per  cent  Fe,  31  per  cent  SiOj,  9  per  cent  CaO,  and  3  per 
cent  AI2O3.  Thus  elimination  of  silica  from  upper  bench  Big 
seam  ore  is  of  importance  except  in  the  southwestern  part  of  the 
district. 

a  PhUllpSy  W.  B.,  Iron  making  In  AlatMima,  3d  ed. :  Geol.  Surrey  of  Alabama,  1912,  p.  35. 
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CONCENTRATION   OF  SIUCEOUB  HEMATITE. 


TABULATED  REStJL.TS. 

The  results  of  the  concentration  tests  of  the  39  samples  of  ore  col 
lected  from  .various  rillnes  are  shown  in  the  tables  following: 

Table  1. — Results  of  crushing  and  separating  samples  from  various  mines. 

SAICPLE  1.  ISHKOODA  lONE. 


Screen  analysis. 

Separation. 

Conoen- 

trates. 

Sise  of  mesh. 

Quantity  taken  for 
separation. 

Concen- 
trates. 

Tailings. 

ThroUEh  20.  on  28. 

Oram*. 
66.3 
74.2 
54.1 
26.2 
24.8 
18.3 
10.5 
29.2 

Percent. 

21.8 

24.5 

17.8 

8.6 

8.2 

6.0 

3.5 

a  9.6 

Percent. 
64.5 
68.1 
66.0 
57.1 
53.6 
57.7 
60.9 

Percent. 
35.5 
31.9 
34.0 
42.9 
46.4 
42.3 
39.1 

Percent. 
14-1 

38,  on  35 

15.7 

35,  on  48 

11.7 

48,  OD66 

4.9 

66,  on  100 

4.4 

100,  OD 150 

8.5 

150.00  300 

2.1 

200. 

0.0 

303.6 

100.0 

57.4 

Total  concentrates per  cent. 

Slimes do. . . 

Tailings do. . . 


57.4 

9.6 

33.0 

100.0 


SAMPLE  2.  SPAULDINQ  MINE. 


Through  20,  OD  28 

28,  on  35 

86,  on  48 

48,  on  66 

129.5 
105.8 
76.3 
41.7 
33.8 
26.0 
17.6 
31.6 

38.3 

22.8 

16.5 

9.0 

7.3 

5.6 

3.8 

a  6.8 

68.9 
73.4 
75.2 
75.0 
78.4 
75.5 
89.9 

31.1 
36.6 
34.8 
25.0 
36.6 
34.5 
10.1 

•  19.4 

16.7 

12.4 

6.8 

66,  on  100 

5.4 

100,  on  160 

4.2 

150.  on  200 

3.4 

200 

0.0 

462.3 

100.0 

68.3 

Total  concentrates percent. 

Slimes .do — 

Tailings do ... , 


68.3 

6.8 

24.9 

100.O 


SAMPLE  3.  SPAULDINQ  MINE. 


Through  20,  on  28.. 

28,  on  35.. 

35,  on  48.. 

48,65 

66,  on  100. 
100,  on  150. 
150,  on  200. 
300 


119 

103 

75 


36.6 
36.7 
32.9 
18.9 
43.1 


467.2 


2S.6 

68.9 

81.1 

22.3 

73.1 

26.9 

16.2 

75.2 

24.8 

7.8 

69.6 

30.4 

7.9 

70.4 

29.6 

7.0 

70.6 

29.4 

4.0 

72.2 

27.8 

a  9.2 

100.0 

L... 1 

1 

Total  concentrates per  cent. 

Slimes do... 

Tailings do . . . 


64.9 

9.3 

35.9 

100.0 


17.6 
16.3 
12.2 
5.4 
5.6 
4.9 
2-9 
0.0 


64.9 


a  Slimes, 
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Table  1. — Results  of  crushing  and  separating  samples  from  various  mines — 

Condnued. 

BAICFLB  4.  HAMMOND  MINE. 


Borooin  analysis. 


Size  of  mesh. 


Quantity  taken  for 
separation. 


Tliroa^20,on28.. 

28,01135.. 

35,  en  48.. 

48,00  65.. 

65,  en  100. 
100,  on  150. 
150,00  200. 
200 


Oranu. 
107.2 
83.1 
54.2 
28.4 
30.2 
26.8 
15.4 
84.2 


Percent. 

28.3 

22.0 

14.3 

7.5 

8.0 

6.8 

4.1 

aO.O 


378.5 


100.0 


Separation. 


Concen- 
trates. 


Tailings. 


Percent. 
47.1 
53.9 
60.9 
71.6 
77.4 
78.2 
79.0 


Percent, 
52.9 
46.1 
89.1 
28.4 
22.6 
21.8 
21.0 


Ck>noen- 
trates. 


Per 


cent. 
13.8 
11.9 
8.7 
5.4 
6.2 
5.3 
8.2 
0.0 


54.0 


Total  conoentmtes per  cent . 

Slimes do... 

Tailings do... 


54.0 

9.0 

37.0 

100.0 


SAMPLE  5.  RUFFNER  MINE. 


4 

'Hiroi'rh  2ft.  cai  28 

52.8 
56.0 
66.4 
63.3 
78.9 
87.1 
19.2 
47.8 

12.5 

13.3 

15.8 

15.0 

18.8 

8.8 

4.5 

all.3 

55.3 
55.7 
50.7 
53.7 
53.4 
67.9 
63.4 

44.7 
44.3 
49.3 
46.3 
46.6 
82.1 
36.6 

6.9 

28,  <m  86 

7.4 

35,  en  48 

8.0 

48,  on  66 

8.1 

65,  en  100. 

10.0 

100,  en  150. 

6.0 

150,00  200. 

2.9 

200 

0.0 

421.5 

100.0 

40.3 

•""•"•"•"" 

Total  oanoeotntes percent. 

SJJmes do... 

Tailing do... 


49.3 
11.3 
39.4 

100.0 


SAMPLE  5.  RUFFNER  MINE   (UNDER  35  MESH). 


39.7 
37.0 
47.6 
23.2 
21.2 
34.6 

19.5 
18.2 
23.4 
U.4 
10.5 
a  17.0 

47.7 
52.5 
50.9 
58.3 
62.5 

52.3 
47.5 
49.1 
41.7 
37.5 

0.3 

48,00  65 

9.6 

65,00  100 

11.7 

100,  en  150 

6.7 

150,  en  200 

200. 

6.6 
0.0 

203.2 

100.0 

1 

43.9 

Total  oonoentrates percent. 

Slimes do... 

TUUngB *<r do... 


43.9 
17.0 
39.1 

100.0 


a  Slimes. 
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CONCENTRATION   OF  SILICEOUS  HEMATITE. 


Table  1. — Results  of  crushing  and  separating  samples  from  various  minei 

ContJiiued. 

SAMPLE  6.    RUPFNER  MINE. 


Bereen  analysis. 

Separation. 

Conoen- 
trates. 

Size  of  mesb. 

Quantity  taken  for 
separation. 

Conoen- 
tsates. 

Tailings. 

ThrouRh  20,  on  28 

Orams. 
56.7 
53.2 
61.2 
59.8 
7&9 
36.2 
19.5 
44.7 

Percent. 

13.6 

13.0 

15.0 

14.6 

19.3 

8.8 

4.8 

•  10.9 

Per  cent.    Per  cerU. 
82.3            17.7 

Percent. 
11.2 

28,  on  35 

72.7 
70.5 
64.1 
56.8 
64.3 
74.6 

27.3 
20.5 
85.9 
43.2 
85.7 
25.4 

9.5 

85,  on  48 ' 

10.6 

48,  on  65 

9.4 

66,  on  100 

11.0 

100,  on  150 

6.7 

150,  on  200 

3.6 

200! 

OlO 

400.2 

100.0 

1 

61.0 

1 

Total  concentrates per  cent. , 

SUmes do..., 

Tailings do... 


OLO 
lOiO 
28.1 

loao 


SAMPLE  6.    RUFFNER  MINE  (UNDER  35-MESH). 


Tbroog!h35,  on48.. 

48,  on  66.. 

65,  on  100. 
100,  on  150. 
150,  on  200. 
200 


46.7 

ia5 

49.8 

5a7 

42.8 

17.0 

48.0 

52.0 

65.1 

25.8 

47.2 

5X8 

80.9 

11.9 

56.5 

44.5 

17.1 

7.0 

00.5 

30.5 

50.0 

al9.8 

252.0 

100.0 

Total  concentrates per  cent. 

Slimes do... 

Tailings do.., 


9.1 
8.2 
12.2 
6.6 
4.9 
0.0 


41.0 


41.0 
19.8 
89.2 

100.0 


SAMPLE  7.    FRANK  WHITE  MINE. 


Through  20,  on  28.. 
28,  on  35., 
35,  on  48., 
48,  on  65., 
66,  on  100. 

100,  on  150. 

150,  on  200. 

200 


112.2 

26.7 

65.7 

34.3 

91.7 

21.8 

73.4 

26.6 

57.7 

13.7 

75.7 

24.3 

33.3 

7.9 

86.1 

13.0 

35.4 

8.4 

86.4 

13.6 

32.2 

7.7 

90.2 

9.8 

18.5 

4.4 

88.5 

11.5 

39.3 

•  9.4 

420.3 

100.0 

17.5 
16.0 

ia4 

6.8 
7.3 
6.9 
3.9 
0.0 


68.8 


Total  concentrates per  cent. 

Slimes do... 

Tailings do. . . 


68.8 

9.4 

21.8 

loao 


•  Slimes. 
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Table  1« — ReaultM  of  cru8hing  and  neparating  8ample9  from  various  mines — 

CoQtinuecL 

SAMPLE  8.    FRANK  WHITS  HIKE. 


Screen  analysis. 


Stee  oX  DMsh. 


Throiicb30,on28.. 

28,  on  35.. 

35,  on  48.. 

48,  on  65.. 

85,  on  100. 
100,  on  150. 
150,  on  200. 
200 


Quantity  taken  for 
separation. 


Oramt. 
110.2 
9ai 
62L2 
34.3 
37.3 
33.1 

ia5 

42.8 


42&5 


PereefU. 

25.7 

21.1 

14.5 

8.0 

&7 

7.7 

4.3 

aiaoi 


loao 


Separation. 


Conoen- 
tnttes. 


Percent. 
75.4 
7B.9 
79.4 
86.2 
88.1 
88.7 
88.0 


Tailings. 


Percent. 
24.6 
23.1 
20.6 
14.8 
11.9 
11.3 
12.0 


Concen- 
trates. 


Per 


cent. 

19.4 

16.2 

1L5 

6.8 

7.7 

6.8 

3.8 

ao 


Total  concentrates per  cent . 

Slimes do... 

Tailings do. . . 


72.2 
10.0 
17.8 

loao 


72.2 


SAMPLE  9.    FRANK  WHITE  MINE. 


ThroDgh20,  Qn28.. 

28,  on  35 . . 

35,  on  48.. 

48,  on  65 . . 

6S,onl00. 
100,  on  150. 
150,  on  200. 
200 


113.7 

28.4 

5a  1 

49.9 

93.9 

23.4 

52.5 

47.5 

49.1 

12L3 

65.6 

34.4 

27.6 

6.9 

76.9 

23.1 

32.5 

&1 

78.6 

21.4 

28.4 

7.1 

8a6 

19.4 

18.6 

4.6 

78.2 

2L8 

36.9 

a9.2 

400.7 

loao 

1 

1 

Total  concentrates . 

81«mes 

Taiiings 


percent.. 

do..., 

do.... 


56.6 

9.2 

35.2 

IQGlO 


14.2 
12.3 
8.1 
5.3 
6.4 
6.7 
3.6 

ao 


55.6 


SAMPLE  10.    FRANK  WHITE  MINE. 


Through  20,  on  28 

5L9 
55.6 
56.2 
40.5 
65.2 
45.5 
23.2 
7L0 

12.7 
13.6 
13.7 

lao 

15.9 

ILl 

5.7 

al7.3 

98.4 
96.5 
92.9 
88.8 
70.0 
76.3 
85.6 

1.6 

8.5 

7.1 

11.2 

ao:o 

23.7 
14.4 

12.6 

28,  on  35 

13.1 

35,  on  48 

1Z7 

48,  on  65 

8.0 

65.  on  100 

ILi 

lOO,  on  150 

8.5 

150.  on  200 

4.0 

200 

ao 

409.1 

100.0 

7L7 

Total  concentrates per  cent . 

Slimes do... 

Tailings do... 


71.7 
17.3 
11.0 

100.0 


o  Slimes. 
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Table  1. — Results  of  crushing  and  separating  samples  fronn  various  mines — 

Continued. 

SAMPLE  10.  FRANK  WHITB  MINE    (UNDER  35  MESH). 


Screen  analysis. 

Separation. 

Concen- 
trates. 

Size  of  mesh. 

Quantity  taken  for 
separation. 

Concen- 
trates. 

ToiUniis. 

Through  35,  on  48 

OratM. 
26.9 
21.6 
28.2 
20.9 
10.3 
33.5 

Percent. 
19.1 
15.1 
20.0 
14.8 
7.3 
0  23.7 

Percent. 
92.7 
88.9 
69.7 
81.4 
92.3 

Percent. 

7.3 

11.1 

30.3 

18.6 

7.7 

Percent. 
17.7 

48,  on  65 

13.4 

65,  on  100 

13.9 

100,  on  150 •. 

12.0 

150,  on  200 

6.7 

200. 

0.0 

141.4 

100.0 

63.7 

Total  concentrates per  cent. 

Slimes do. . . 

Tailings do... 


63.7 
23.7 
12.6 

100.0 


SAMPLE  11.  RUFFNER  MINE. 


ThroaRh2U,  on28.. 

28,  on  35.. 

35,  on  48. . 

48,  on  65.. 

65,  on  100. 
100,  on  150. 
150,  on  200. 
200 


37.8 

10.2 

51.0 

49.0 

37.8 

10.2 

49.2 

60.8 

52.7 

14.1 

49.5 

50.6 

6H.8 

18.5 

50.8 

49.2 

79.0 

21.2 

50.2 

49.8 

36.3 

9.7 

59.1 

40.9 

17.7 

4.7 

66.3 

33.7 

42.6 

a  11. 4 

372.7 


100.0 


Total  concentrates per  cent. 

Slimes do . . , 

Tailings do... 


46.0 
11.4 
42.0 

100.0 


6.2 
6.0 
7.0 
0.4 
10.6 
6.7 
3.1 
0.0 


46.0 


SAMPLE  11.  RUFFNER  MINE  (UNDER  35  MESH). 


f 

Throueh  35.  on  48 

35.0 
41.3 
62.3 
25.0 
12.2 
36.1 

16.5 
19.5 
29.4 
11.8 
5.8 
«17.0 

40.1 
44.1 
42.6 
49.7 
67.3 

60.9 
66.9 
67.4 
60.3 
32.7 

6.6 

48,  on  65 

8.6 

66,  on  100 

12.5 

100,  on  160 

6.9 

160,  on  200 

3.9 

200 

0.0 

211.9 

100.0 

37.6 

Total  concentrates per  cent. 

Slimes do... 

Tailings do... 


37.5 
17.0 
45.6 

100.0 


o  Slimes. 
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Table  1. — Results  of  (Pushing  and  separating  samples  from  various  mines- 

Ck)ntiuued. 

SAMPLE  12.  BPAULDINO  MINE. 


Screen  analysis^ 

« 

Separation. 

Concen- 
trates. 

Size  of  mesh. 

Quantity  taken  for 
separation. 

Concen- 
trates. 

Tailings. 

Through  20.  on  28 

Orama. 
110.5 
101.7 
65.9 
31.8 
32.5 
26.4 
15.4 
31.6 

Per  cent. 

26.6 

24.5 

15.9 

7.6 

7.8 

6.4 

3.6 

a7.6 

Percent. 
61.8 
66.4 
75.4 
77.5 
78.3 
78.3 
80.4 

Per  cent. 
88.2 
33.6 
24.6 
22.5 
21.7 
2L7 
19.6 

Percent. 
16.4 

28,on35 

16.3 

35,  on  48 

12.0 

48.  on  65 

5.9 

65,  on  100 

6.1 

100,  on  150 

5.0 

150,  on  200 

2.9 

aoo 

0.0 

' 

415.8 

lOD.O 

64.6 

Total  concentrates per  cent. 

Slimes do... 

Tailings do... 


64.6 

7.6 

27.8 

100.0 


SAMPLE  13.  SPAULDING   MINE. 


TbiaiigliaO,on28.. 

28,  on  35. . 

35,  on  48. . 

48,  on  65.. 

66,  on  100. 
100,  on  150. 
150,  on  20O. 
200 


118.7  ! 

27.4 

61.2 

38.8 

16.8 

99.3 

22.9 

,60.0 

31.0 

15.8 

65.5 

15.1 

■  73.7 

26.3 

11.1 

35.0  i 

8.0 

78.2 

21.8 

6.3 

*         34.4  1 

7.9 

77.1 

22.9 

6.1 

28.2  ' 

6.5 

79.0 

2L0 

5.1 

17.0 

3.9 

82.3 

17.7 

3.2 

1         35.8 

a8.3 

0.0 

433.9  : 

100.0 

64.4 

Total  concentrates. 

Slimes 

TaOlngs 


.percent, 

do... 

do... 


64.4 

8.3 

27.3 

100.0 


SAMPLE  14.  SPAULDING  MINE. 


ThTwi£h  90,  on  2*     , 

101.0 
88.2 
61.5 
34.7 
34.1 
23.2 
18.8 
36.5 

25.4 

22.2 

15.5 

8.7 

8.5 

5.8 

4.7 

89.2 

61.0 
68.7 
74.0 
75.5 
75.0 
76.0 
76.6 

39.0 
31.3 
26.0 
24.5 
25.0 
24.0 
23.4 

15.5 

28,  on  35 

15.3 

35,  on  48 

11.5 

48,  on  65 

6.6 

66,  on  100 

6.4 

100,  on  160 

4.4 

150,  on  200 

3.6 

20O. 

0.0 

398.0 

100.0 

63.3 

Total  conoentrates per  cent. 

Slimes do. . . 

Tailings do... 


63.3 

0.2 

27.5 

100.0 


a  Slimes. 
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CONCENTRATION   OF   SILICEOUS  HEMATITE. 


Tablk  1. — Results  of  crushing  and  separating  sampler  from  various  mtTies — 

Continued. 

SAMPLE  14.  SPAULDINO  MINE  (UNDER  35  MESH). 


■ 

Srreen  analysis. 

• 

Separation. 

Concen- 
trates. 

Size  of  mesh. 

Quantity  taken  for 
separation. 

Concen- 
trates. 

Tailings. 

ThrouKh  35,  on  48. . 

Oram*. 
63.0 
45.0 
36.6 
25.4 
15.8 
47.9 

Per  cent. 
28.2 
15.6 
16.4 
11.3 
7.1 
0  21.4 

Percent. 
65.1 
68.8 
66.4 
67.6 
71.9 

Percent. 
34.9 
31.2 
33.6 
32.5 
28.1 

Percent. 
18.4 

48.  on  65.. 

10.7 

65,  on  100. 



10.9 

100,  on  1.50 

7.6 

ISO,  on  20O 

5.1 

200 

0.0 

223.7 

100.0 

1           62.7 

fl 

1 

Total  concentrates per  cent. 

Slimes do . . . 

Tailings do... 


52.7 
21.4 
25.9 

100.0 


SAMPLE  15.  SPAULDINO  MINK. 


Through  20,  on  28.. 

28,  on  35.. 

35,  on  48.. 

48,  on  65.. 

65,  on  100. 
100,  on  150. 
150,  on  200. 
200 


Total  concentrates . 

Slimes 

Tailings 


27.7 

21.8 

15.2 

7.0 

7.8 

6.4 

4.2 

09.9 


100.0 


66.6 
68.4 
76.6 
76.0 
77.4 
77.5 
75.6 


33.4 
31.6 
24.4 
24.0 
22.6 
22.5 
34.4 


.percent. 

do... 

do... 


61.4 

9.9 

25.7 

100.0 


18.5 
14.9 

n.5 

6.3 
6.0 
5.0 
3.2 
0.0 


64.4 


SAMPLE  16.  SPAULDINO  MINE. 


Through  20,  on  28.. 

28,  on  35.. 

35,  on  48.. 

48,  one.').. 

65,  on  100. 
100,  on  150. 
150,  on  200. 
200 


110.5 
99.0 
67.7 
41.0 
40.6 
27.6 
18. 5 
43.1 


447.9 


24.7 

22.1 

15.1 

9.2 

9.0 

6.2 

4.1 

09.6 


100.0 


61.7 
70.5 
74.8 
78.9 
77.8 
76.6 
77.2 


38.3 
29.5 
25.2 
2L1 
22.2 
23.4 
22.8 


Total  concentrates per  cent. 

Slimes do. . . 

Tailings '. do. . . 


64.9 

9.6 

25.5 

100.0 


15.2 
15.0 
11.3 
7.9 
7.0 
4.7 
3.2 
0.0 


64.9 


o  Slimes. 


BKSULTS  OP  CONCENTRATION  TESTS. 


25 


Tabue  1. — Re9ult9  of  crushing  and  separating  samples  from  various  mines — 

Continued. 

SAMPLE  17.  SPAULDINa  MINE. 


Screen  analysis. 


Sbe  of  mesh. 


,  Quantity  taken  for 
I        separation. 


Tbrou^h  20,  on  28. . 

28,  on  35.. 

35,  on  48.. 

4^  on  65.. 

65^  on  100. 
lQ0,onl50. 
150,  on  200. 

aoo 


OratM, 
110.0 

Vv.  V 

74.2 
36.1 
39.0 
31.8 
20.0 
42.6 


453.5 


Percent. 

».2 

22.0 

16.4 

8.0 

8.6 

7.0 

4.4 

aO.4 


100.0 


Separation. 


Concen- 
trates. 


Percent. 
61.1 
65.5 
74.2 
78.1 
74.6 
73.6 
77.5 


Tailings. 


Percent. 
38.9 
34.5 
25.8 
21.0 
25.4 
26.4 
22.5 


Concen- 
trates. 


PercenL 

14.4 

14.2 

12.2 

6.4 

6.2 

fi. 

8.4 

0.0 


Total  concentrates . . , per  cent . . 

SUmes do 

Tailings do.... 


62.6 

9.4 

28.0 

100.0 


62.6 


SAMPLE  18.  ISHEOODA  MINE. 


Ttaioush  20,  on  28. . 

28,  on  35.. 

35,  on  48.. 

48,  on  65.. 

65,  on  100. 
100,  on  150. 
150,  on  200. 
200 


87.1 
77.4 
52.0 
31.6 
27.7 
19.9 
11.8 
31.9 


ToMoonoontmtes percent. 

BUmes do... 

TiflingB do... 


65.2 

0.4 

25.4 

100.0 


SAMPLE  19.  ISHKOODA  MINE. 


Through  20,  on  28. . 

28,  on  35.. 

35,  on  48.. 

48,  on  65. . 

65,  on  100. 
100,  on  150. 
150,  on  200. 
200 


100.8 
76.5 
55.9 
31.2 
29.8 
24.2 
14.4 
87.8 


370.6 


27.2 

20.7 

15.1 

8.4 

8.0 

6.5 

3.9 

a  10. 2 


100.0 


74.6 
80.6 
81.3 
76.3 
77.0 
80.0 
80.4 


25.4 
19.4 
18.7 
23.7 
23.0 
20.0 
19.6 


Total  ooncentratas . 

Slimes 

TaiUngB 


.percent. 

do 

— do 


70.2 
]0.2 
19.6 

100.0 


20.3 
16.7 
12.3 
6.4 
6.2 
5.2 
3.1 
0.0 


70.2 


a  Slimes. 
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CONCENTRATION   OF   SILICEOUS  HEMATITE. 


Table  1. — Results  of  crushing  and  separating  samples  from  various  mines- 
Continued. 

SAMPLE  ao.    ISHKOODA  MINE. 


Screen  analysis. 


Size  of  mesh. 


Quantity  taken  for 
separation. 


Through  20,  on  28.. 

28»on35.. 

35,  on  48.. 

48,  on  65.. 

05,  on  100. 
100,  on  150. 
150,  on  200. 
200 


Oranu. 
81.5 
67.1 
39.9 
22.0 
22.0 
16.3 
9.5 
26.8 


285.1 


Percent. 

28.6 

23.6 

14.0 

7.7 

7.7 

6.7 

8.3 

a9.4 


loao 


Separation. 


Concen- 
trates. 


Percent. 
57.8 
72.8 
6a9 
69.0 
67.1 

Tas 

8a2 


Tailings. 


Percent. 
42.2 
27.2 
31.1 
31.0 
3Z9 
29.7 
19.8 


Concen- 
trates. 


Percent, 
16.6 
17.2 
9.6 
5.3 
6.2 
4.0 
2.6 

ao 


6a4 


Total  concentrates per  cent. 

Sltmes do. . . 

Tailings do... 


6a4 

9.4 
30.2 

loao 


SAMPLE  20.    ISHKOODA  MINE  (UNDER  35  MESH). 


Through  35,  on  48. . 

48,  on  65.. 

65,  on  100. 
100,  on  150. 
150,  on  200. 
aoo 


65.6 

28.2 

58.5 

41.5 

36.6 

15.7 

57.9 

42.1 

35.7 

15.4 

6ai 

39.9 

29.9 

12.9 

64.3 

35.7 

15.8 

6.8 

65.1 

34.9 

4&9 

a  21.0 

232  5 

loao 

t 

1 

16.5 
9.1 
9.3 
&3 
4.4 

ao 


47.6 


Total  concentrates per  cent. 

Slimes do. . . 

Tailings do... 


47.6 
21.0 
31.4 

loao 


SAMPLE  21.    ISHKOODA  MINE. 


Through  30,  on  28.. 

28,  on  35.. 

35,  on  48.. 

48,  on  65.. 

65,  on  100. 
100,  on  150. 
150,  on  200. 
200 


4&7 

19.7 

52.1 

21.1 

4a2 

16.3 

22.6 

9.1 

22.0 

8.9 

19.4 

7.8 

11.3 

4.6 

3a9 

a  12. 5 

247.2 


loao 


75.4 
80.5 
82.1 
8L5 
79.7 
82.8 
75.8 


216 
19.5 
17.9 
18.5 
20i3 
17.2 
212 


Total  concentrates per  cent. 

Slimes do.. 

TftiUngB do.. 


69.8 
12.5 
17.7 

loao 


119 
17.0 
13.4 
7.4 
7.1 
&5 
3.5 

ao 


69.8 


a  Slimes. 


BESULTS  OF  CONCENTBATION  TESTS. 
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Tablb  1. — RestUts  of  crushing  and  separating  samples  from  various  mines — 

C!oiitinuecL 

SAMPLE  22.    IBHKOODA  MINE. 


Screen  analysis. 


Siie  of  mesh. 


TI]rou^20,cm28.. 

28,  on  35.. 

86»on48.. 

48^  on  65.. 

66»onl00. 
100,  on  150. 
lfiQ,on2Q0. 

aoo 


Quantity  taken  for 
separation. 


Oranu. 
12a2 
919 
7a6 
42.3 
82.8 
27.7 
14.5 
33.5 


436.5 


Percent. 
27.5 
21.7 
16.2 

a7 

7.6 

&4 

3.3 

a7.7 


Separation. 


Concen- 
trates. 


Percent. 

7ao 

77.1 
81.1 
78.3 
76.7 

n.4 

82.7 


Tallin^. 


Percent, 

3ao 

22.9 
1&.9 
21.7 
23.3 
22.6 
17.3 


loao 


Concen- 
trates. 


Percent, 

19.3 

1C7 

13.1 

7.6 

6.8 

4.9 

2.7 

ao 


Total  ooDoentrates percent. 

SUmes do... 

TaiUngi do... 


7a  1 

7.7 
22.2 

loao 


7ai 


Through  20,  on  28. . 
28,00  35... 
35,  on  48.. 
48,  on  65.. 
66.  on  100.. 
100,  on  150. 
150,  on  200. 
200 


SAMPLE  23.  SONGO  MINE. 


90.9 
79.0 
53.9 
80.4 
81.4 
28.8 
12.6 
36.0 


358.0 


25.4 

22.1 

l&l 

8.5 

8.8 

6.6 

3.5 

10.0 


100.0 


63.5 
68.9 
72.7 
76.8 
76.8 
76.0 
76.0 


36.6 
3L1 
27.3 
24.2 
23.2 
24.0 
24.0 


16.1 
15.1 
U.O 
6.6 
6.8 
5.0 
2.6 
0.0 


63.1 


Total  oonoentrates peroont. 

SUmes ao. . . 

Tiillngs •. j>. do... 


63.1 
10.0 
26.8 


SAMPLE  24.  SOl^OO  MINE. 


Thnmgh ^, on 2ft ,.., 

95.1 
75.7 
64.9 
83.2 
34.0 
27.7 
12.5 
40.8 

25.4 

20.2 

14.7 

8.9 

9.1 

7.4 

8.3 

a  U.O 

74.6 
76.7 
7a4 
79.3 
78.2 
75.7 
79.4 

25.4 
23.3 
21.6 
20.7 
21.8 
24.3 
20.6 

18.9 

"   28!  on  35 

15.5 

36,  on  48 

11.5 

48,  on  65 

7.1 

66,  on  100 

7.1 

100,  on  150 

6.6 

160,  on  200 

2.6 

200. 

0.0 

\ 

373.9 

100.0 

' 

68b3 

1 

Total  oonoentrates percent. 

Slimes do... 

Tailings do... 


68.3 

n.o 

20.7 
100.0 


aBUmes. 
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CONCENTRATION    OF   SILICEOUS  HEMATITE. 


Table  1. — Results  of  crushing  and  separating  samples  frofn  various  mines — 

Gontlnaed. 

BAICPLE  25.  SONGO  MINB. 


Screen  analysis. 


8ize  of  mosh. 


Quantity  taken  for 
separation. 


Through  20,  on  28.. 
28,  on  35... 
85,on4«... 
48,  on  65.. 
65,  on  100.. 
100,  on  150. 
150,  on  200. 
300 


Orams. 
88.4 
77.4 
59.5 
34.4 
35.6 
27.5 
17.3 
46.1 


386.2 


Percent. 

22.9 

20.0 

15.4 

8.9 

9.2 

7.1 

4.5 

a  12.0 


100.0 


Separation. 


Concen- 
trates. 


Percent. 
72.8 
75.1 
78.0 
77.7 
72.3 
77.2 
76,7 


Tailings. 


Percent, 
27.2 
24.9 
22.0 
22.3 
27.7 
22.8 
24.3 


Concen- 
trates. 


Percent, 

16.7 

15.0 

12.0 

6.9 

6.6 

5.5 

3.4 

0.0 


66.1 


Total  oonoentretes per  eent. .    66. 1 

Slimes do 12.0 

TaiUngB do 21.9 

100.0 


SAMPLE  26.  SONGO  MINE. 


Through  20,  on  28. . 
28,  on  35.. 
85,  on  48... 
48,  on  65.. 
65,  on  100.. 
100,  on  150. 
150,  on  200. 
200 


380.8 


96.3 

25.3 

86.7 

22.8 

57.5 

15.1 

31.6 

8.3 

30.7 

8.1 

25.3 

6.6 

13.1 

3.4 

39.6 

0  10.4 

100.0 


67.3 
72.5 
74.6 
77.1 
74.5 
74.7 
80.0 


32.7 
27.5 
26.5 
22.9 
26.5 
26.3 
20.0 


17.0 
16.5 
11.2 
6.4 
6.0 
4.9 
2.8 
0.0 


64.8 


Total  concentrates . 

Slimes 

Tailings 


.percent.. 

do 

do 


64.8 
10.4 
24.8 

100.0 


SAMPLE  27.  SONGO  MINE. 


Through  20,  on  28. . . 
28, 00  35... 
35,  on  48... 
48,  on  65... 
65,  on  100.. 
100,  on  150. 
150,  on  200. 
200 


109.9 

26.2 

71.6 

28.4 

1&8 

92.5 

22.0 

75.8 

24.2 

16.7 

63.6 

15.1 

78.3 

21.7 

11.8 

36.0 

8.6 

78.3 

21.7 

6.7 

35.8 

8.5 

78.0 

22.0 

6.6 

25.1 

6.0 

75.2 

24.8 

4.5 

15.1 

3.6 

86.0 

14.0 

3.1 

42.2 

a  10.0 

ao 

420.0 

100.0 

68.2 

1 

Total  c(mcentratos 

Slimes 

Tailings 


percent. 

do... 

do... 


.  6&2 

10.0 
21.8 

100.0 


a  Slimes. 


BEStTLTS  OF  CONCENTRATION   TESTS. 
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Tabus  1. — Re9ult8  of  crushing  and  separating  samples  from  various  mines- 

Continued. 

SAMPLE  27.  SONQO  MINE  (UNDER  85  HESH). 


Screen  analysis. 


Size  of  mesh. 


TfaroDC!h35,on48.. 
4S,  on  65. . . 
66,  on  100.. 
100,  on  150. 
150,  on  200. 
200 


Quantity  taken  for 
separation. 


OraiM. 
73.2 
41.8 
42.1 
30.3 
18.7 
54.9 


260.0 


Per  C€nt. 
27.8 
16.1 
16.2 
11.6 
7.2 
0  21.1 


100.0 


Separation. 


Concen- 
trates. 


Tailings. 


Per  cent. 
70,2 
71.7 
60.0 
60.7 
76.6 


Percent. 
29.8 
28.3 
31.0 
30.3 
23.4 


C<Mioen- 
trates. 


PereetU. 

19.5 

11.5 

U.2 

8.1 

5.5 

0.0 


Total  concentrates per  cent. 

Slimes do... 

Tailings do... 


65.8 
21.1 
23.1 

100.0 


55.8 


SAMPLE    28.    SONGO    MINE. 


Throogh20,on28. . 

28,  on  35.. 

35,  on  48. . 

48,  on  65. 

65,  on  100. 
100,  on  150. 
150,  on  200. 
200 


108.2 

25.0 

71.0 

29.0 

93.1 

21.5 

76.0 

24.0 

70.5 

16.3 

79.9 

20.1 

40.5 

9.4 

80.0 

20.0 

35.4 

8.2 

78.4 

21.6 

26.4 

6.1 

78.6 

21.4 

'          19.0 

4.4 

80.7 

19.3 

!          39.4 

a9.1 

1 

i  ■     "  " 

432.5 

100.0 

Total  concentrates per  cent. 

Slimes do. . . 

Tailings do. . . 


69.4 

9.1 

21.5 

100.0 


17.8 
16.3 
13.0 
7.5 
6.4 
4.8 
3.6 
0.0 


).4 


SAMPLE   29.    FOSSIL   MINE. 


Throogh  20,  an  28. . 

28,  on  35.. 

35,  on  48. . 

48,  on  65.. 

66,  OD 100. . 
100,  on  160. . 
160,00  200.. 
200 


93.7 

19.0 

76.6 

24.5 

106.4 

2L4 

81.8 

18.2 

74.0 

16.1 

80.6 

19.4 

49.6 

0.0 

83.1 

16.9 

46.1 

9.2 

80.3 

19^7 

4L2 

&3 

83.8 

16.2 

29.1 

6.8 

84.3 

15.7 

66.2 

a  11.3 

497.1 

100.0 

14.3 
17.5 
12.2 
8.2 
7.4 
7.0 
4.9 
0.0 


Total  concentrates per  cen  t . 

Slimes do . . . 

TaiUngs do... 


71.5 
11.3 
17.2 

100.0 


71.5 


a  Slimes. 
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CONCENTRATION   OF   SILICEOUS  HEMATITE. 


Table  1. — Resultn  of  crushing  and  sefHirating  samples  from  various  mines — 

Ck)ntinued. 

SAMPLE   29.    FOSSIL   MINE  (UNDER  35   MESH). 


Screen  analysis. 

Separation. 

CoDoeD- 
tiates. 

Size  of  mesh. 

Quantity  taken  for 
separation. 

Concen- 
trates. 

Tailings. 

Throueh  35.  on  48 

Oranu. 
50.4 
8L9 
29.6 
23.5 
15.9 
43.8 

Percent. 
25.8 
16.4 
15.2 
12.0 
8.1 
0  22.5 

Percent. 
77.6 
76.3 
73.0 
74.9 
71.9 

Percent. 
22.4 
28.7 
27.0 
26.1 
28.1 

Percent. 
20.0 

48,  on  65 

12.5 

66,  on  100 

ILl 

100,  on  160 

9.0 

150,  on  200 

6.8 

200 

0.0 

195.1 

100.0 

58.4 

1     ■     "     " 

Total  concentrates . 

Slimes 

Tailings 


.percent.. 
....do..., 
....do..., 


58.4 
22.5 
19.1 

100.0 


SAMPLE   30.    FOSSIL   MINE. 


Throuefa  20.  on  28 

108.3 
101.5 
70.5 
40.1 
40.0 
29.2 
17.2 
36.8 

24.4 

22.9 

15.9 

9.0 

9.0 

6.6 

3.9 

a  8.3 

69.0 
75.9 
77.7 
77.5 
74.4 
76.1 
76.6 

81.0 
24.1 
22.3 
22.5 
26.6 
23.9 
23.4 

16.8 

28,  on  35 

17.4 

35,  on  48 

12.4 

48,  on  65 

7.0 

65,  on  100 

6.7 

100,  on  160 

6.0 

150,011200 

8.0 

200. 

0.0 

443.6 

100.0 

68.3 

Total  concontrates. 

Slimes 

Tailings 


.percent. 

do. . . 

do... 


68.3 

8.3 

23.4 

100.0 


Through  20,  on  28., 

28,  on  35.. 

35,  on  48. . 

48,  on  65.. 

66,  on  100. 
100,  on  150. 
150,  on  200. 
200 


SAMPLE   31.    FOSSIL    MINE. 


106.3 
92.9 
64.2 
36.5 
36.6 
30.3 
16.0 
37.5 


420.3 


25.3 

67.3 

32.7 

22.1 

74.6 

25.4 

15.3 

77.6 

22.4 

8.7 

77.8 

22.2 

8.7 

77.1 

22.9 

7.2 

7S.3 

24.7 

3.8 

74.7 

25.3 

a  8.9 

100.0 

' 

Total  concentrates. 

Slimes 

Tailings 


.percent. 

do... 

do... 


17.0 
16.5 
U.9 
6.8 
6.7 
5.4 
2.8 
0.0 


67.1 


67.1 

8.9 

24.0 


100.0 


a  Slimes. 
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Table  1. — BesiUts  of  crushing  and  separating  samples  from  various  m^nes — 

Continued. 

SAMPLE  82.    FOSSIL  lONB. 


Screon  analysis. 


Size  of  mesh. 


Throagh  20,  on  28. . 

28,01185.. 

35,  on  48. . 

48,  on  66.. 

«6,  on  100. 
100,  on  150. 
150,  on  200. 
200 


Separation. 

Quantity  taken  for 
separation. 

Conoen- 
trates. 

Tailings. 

Orams. 

Per  cent. 

Percent. 

Percent. 

100.5 

27.  i 

77.0 

23.0 

80.0 

20.0 

81.8 

18.2 

54.7 

13.7 

78.4 

21.6 

33.8 

8.5 

77.7 

22.3 

32.8 

8.2 

76.2 

28.8 

30.4 

7.6 

75.6 

24.4 

19.7 

4.9 

78.1 

21.0 

38.6 

a  0.7 

300.5 

100.0 

Conosn- , 
trates. 


Percent. 

21.1 

16.4 

10.7 

6.6 

6.2 

5.7 

3.8 

0.0 


70.5 


Total  oonoentntos. 

Rllroas 

TedUngs 


.peroent. 

do... 

....do... 


70.5 

9.7 

19.8 

100.0 


SAMPLE  33.  FOSSIL  MINE. 


Tbroog^  20,  on  28 

28,  on  35... 

85,  on  48... 

48,  on  65... 

65,  on  100.. 
100,  on  150. . 
150,  on  200. . . 
200 


06.8 

26.7 

60.8 

3a2 

82.6 

21.9 

78.1 

21.9 

58.5 

15.5 

8a7 

19.8 

34.6 

9.2 

80.8 

19.8 

30.5 

8.1 

79.1 

20.9 

26.5 

6.7 

79.6 

20.4 

14.2 

3.7 

77.8 

22.7 

34.8 

a9.2 

377.5 

loao 



17.0 
17.1 
12.5 
7.4 
6.4 
5.8 
2.9 
0.0 


60.5 


Total  oonoentrates. 

SUmes 

Tallin^ 


.percent. 
— do... 
— do... 


60.5 

0:2 

21.8 

100.0 


SAMPLE  34.  FOSSIL  MINE. 


Throngfa20, 00  28.. 

28,  on  35.. 

35,  on  48.. 

48,  on  65. 

fi^onlOO. 
100,  on  150. 
150,00  200. 
200 


106.2 

25.8 

63.8 

36.2 

88.4 

21.4 

72.7 

27.3 

64.3 

15.6 

7.S.4 

24.6 

36.2 

8.8 

78.9 

26.1 

33.0 

8.2 

73.7 

26.3 

26.9 

6.5 

74.2 

25.8 

16.9 

4.1 

75.9 

24.1 

39.7 

09.6 

412.5 

100.0 

16.  & 
15.6 
U.8 
6.5 
6.0 
4.8 
3.1 

ao 


64.3 


Total  coaoootrates * peroent. 

SUmes do... 

TalUngs do... 


64.3 

9.6 

29.1 

loao 


aSllmes. 
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Table  1. — RestUts  of  crushing  and  separating  samples  from  various  minet 

Continued. 

SAMPLE  35.  RUFFNER  lONB. 


Screen  analysis. 


Site  of  mesh. 


Through  20,  QO  38.. 

28,  on  35.. 

35,  on  48.. 

48,oo65.. 

66. CO  100. 
100,  CO  150. 
150,  on  200. 
200 


Quantity  taken  far 
separation. 


Orama. 
120.3 
113.4 
78.5 
35.6 
37.7 
25.6 
10.5 
37.4 


477.0 


Per  cent. 
27.1 
23.8 
16.5 
f.5 

r.9 

5.4 

4.0 

a7.8 


?: 


loao 


Separation. 


Concen- 
trates. 


Percent. 
70.9 
78.5 
78.2 
77.6 
77.0 
76:7 
80.0 


Tailings. 


Percent. 
29.1 
21.5 
21.8 
22L4 
28.0 
23.3 
20.0 


Concen- 
trates. 


Per 


cent 

10.2 

18.7 

12.9 

6.8 

6wl 

4:1 

8.2 

0.0 


7ao 


Total  ooDontrates percent. 

Slimes .* — do... 

Tailings do... 


7ao 

7.8 
22.2 

loao 


SAMPLE  36.  RUFFNER  MINE. 


Through  20,  on  28.. 

28,  on  35.. 

35,  on  48. . 

48,00  65.. 

65,  on  100. 
100,  on  150. 
150,00  200. 
200 


05.2 

25.3 

66.4 

33.6 

79.2 

21.0 

74.4 

35.6 

53.0 

14.1 

74.7 

25.3 

34.5 

9.2 

72.0 

28.0 

34.7 

9.2 

7a7 

30.3 

25.9 

6.9 

70.5 

20.5 

16.7 

4.4 

70.0 

30.0 

37.1 

09.9 

376.3 

100.0 

16.8 
15.6 
10.5 
6.6 
6.5 
4.9 
3.1 
0.0 


64.0 


Total  oonoentrates . 

Slimes 

Tailings 


.percent. 
— do... 
do... 


64.0 

9.0 

26.1 


100.0 


SAMPLE  37.  HAMMOND  MINE. 


Through  20,  on  28.. 

28,  on  35. . 

35,  on  48.. 

48,00  65.. 

65,  on  100. 
100,  on  150. 
150,  CO  200. 
200 


103.6 

25.8 

74.5 

25.5 

92.4 

23.0 

83.8 

16.2 

61.7 

15.3 

80.4 

19.6 

32.3 

8.0 

8a5 

19.5 

32.6 

8.1 

82.6 

17.4 

27.4 

6.8 

84.7 

15.3 

14.1 

3.5 

9L4 

8.6 

38.2 

a9.5 

402.3 

100.0 

10.2 
19.3 
12.3 
6.4 
6.7 
5.8 
3.2 

ao 


72.9 


Total  cooosBtrates. 

Slimes 

Tailings 


.percent.. 
....do... 
— do... 


73.9 

9.5 

17.6 

loao 


aSUmes. 
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Table  1. — Results  of  crushing  and  separating  samples  from  various  mines — 

ConttnuecL 

8AKFLB  88.  BUFFNER  MINE. 


Soreen  analysis. 


Size  of  mesh. 


Quantity  taken  for 
separation. 


Through  20^  on  28. . 

28,  OD  85. . 

85,00  48.. 

48,  on  65. . 

66,  on  100. 
100,  on  150. 
150,  on  200. 
200 


Oranu. 

103.9 

86.1 

4&4 

24.6 

'  26.9 
20.2 
11.8 
29.1 


35ao 


Percent. 

2d.  7 

24.6 

13.8 

7.0 

7.0 

5.8 

3.4 

a8.3 


99.6 


Separation. 


Concen- 
l^rates. 


Percent. 
39.2 
42:8 
51.6 
60.3 
65.4 
63.7 
66.6 


Tailings. 


Concen- 
trates. 


Percent. 
60.8 
57.2 
48.4 

30.7 
34.6 
36.3 
33.4 


Per 


cent. 
11.6 
10.5 
7.1 
4.2 
4.8 
3.7 
2.3 

ao 


44.2 


Total  concentrates per  cent. 

Sttmes do. . . 

Tailings do... 


44.2 

8.3 

47.5 


100.0 


SAMPLE  39.  HAMMOND  MINE. 


Through  20,  on  28. . 

28,  on  35.. 

35,OD48.. 

48,  on  65.. 

65,  on  100. 
100,  on  150. 
150,00  200. 
200 


81.3 
88.1 

60.1 
33.2 
39.7 
30.6 
16.4 
43.6 


393.0 


20.7 

22.4 

15.3 

8.7 

lai 

7.7 

4.1 

oll.O 


100.0 


74.8 
66.7 
61.0 
86.5 
89.6 
91.3 
9a4 


26.2 
88.8 
39.0 
13.5 
10.4 
8.7 
9.6 


15.5 
14.9 
9.3 
7.5 
9.0 
7.0 
3.7 

ao 


6&9 


Total  concentrates . 

Slimes 

Tailings 


.per  cent. 
— do. . . 
....do... 


66.9 
11.0 
22.1 

100.0 


a  Slimes. 

Table  2. — Composition  of  products  and  recoveries  of  samples  frotn  various 

mines. 

sample  1.  ISKOODA  MINE. 


Products. 

Fe. 

SiO;. 

CaO. 

TotAl 
iron. 

Total 
siUca. 

Ratio  of 
tratlon. 

Grade 

Percent. 
S2.1 
43.5 
33.9 
8.2 
42.1 

Percent, 

10.3 

7.0 

7.3 

17.6 

7.0 

PercenL 
21.1 
12.6 

Percent, 

100.0 

80.7 

10.5 

&8 

9L2 

Percent, 

100.0 

38.2 

6.7 

55.1 

44.9 

Concentrates ,-,,  t 

1.74 

Slimes 

.......... 

Ccnoeiitnt46+ slimes  -  ^ ,  -  -  - -,  x  r 

1.40 

SAMPLE  2.  SPAULDING  MINE. 


Crude 

Concentrates 

Slimes 

Tailings 

Coooentntes+slimeB. 


36.9 
46.3 
44.8 
9.2 
46.1 


20.5 
10.9 
12.1 
49.6 
U.0 


11.1 
18.5 


L46 
'i.'38 
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Table  2. — Composition  of  products  and  recoveries  of  bam  pies  from  various 

mines — Continued. 

SAMPLE  8.  8PAULDING  MINE. 


Products. 


Crude 

CaDoentrates 

Slimes 

TailixigB 

Conoentrates+sllxnes 


Fe. 


SiOa. 


Percent. 

Percent. 

35.7 

15.0 

46.2 

7.9 

40.0 

8.9 

8.2 

34.7 

45.4 

8.0 

CaO. 


Percent. 


Total 
iron. 


Percent. 

100.0 

83.8 

las 

5w9 
94.1 


Total 
siUca. 


Percent, 

loao 

34.3 

6.5 

60.2 

89.  o 


Ratio  of 
oonoen- 
tration. 


1.54 


SAMPLE  4.  HAMMOND  MINE. 


Grade 

Conoentrates 

SUmes 

Tailings. 

ConoeQtmtes+sUmes 


37.2 
52.4 
47.1 
6.8 
51.7 

40.3 
17.5 
23.9 
87.2 
18.4 

100.0 

80.7 

12.1 

7.2 

92.8 

loao 

2L5 

4.9 

73.6 

26.4 

L85 
i.'59 


SAMPLE  6.  RUFFNER  MINE. 


Crude 

Conoentrates 

Slimes 

Tailings 

Coooentrates+slimes 


28.8 
40.2 
40.4 
8.7 
40.3 


31.8 
20.2 
1L6 
55.1 
18.6 


10.2 
6.9 


100.0 
71.2 
16.4 
12.4 
87.6 


100.0 

30.2 

4.0 

6&8 

84.2 


2.07 


SAMPLE  6.  RUFFNER  MINE. 


Grade 

Conoontrates 

Slimes 

Tailings 

Comoentrates+slimes. 


28.8 

20.9 
16.7 
13.0 
54.4 
15.5 

loao 

64.0 
24.4 
11.6 
88.4 

100.0 

22.3 

8.4 

60.3 

30.7 

43.7 

34.5 

8.3 

40.7 

2.44 
'l65 


SAMPLE  7.  FRANK  WHITE  MINE. 


Grade. 

45.2 
53.6 

53.7 

8.9 

53.6 

26.1 
13.4 
12.7 
8L2 
13.3 

100.0 

84.1 

11.5 

4.4 

96.6 

100.0 

32.8 

4.2 

63.0 

37.0 

Concentrates .... 

1.45 

siimeSrr--.- . . 

TAJHnn 

Ooficfntrates+slimes -  - 

1.28 

SAMPLE  8.  FRANK  WHITE  MINE. 


Grade 

44.0 
52.3 
53.0 
8.0 
52.4 

24.5 
12.7 
1L3 
78.6 
12.5 

100.0 

84.9 

11.9 

3.2 

96.8 

100.0 

37.8 

4.6 

67.6 

42.4 

Conoentrates » 

1.39 

SUmM.rr. -                     

Taillnes. .  r -r 

Concentrates+sllmfls 

1.22 

SAMPLE  9.   FRANK  WHITE  MINE. 


Grade 

36.3 
49.8 
46.4 
7.2 
49.3 

41.0 
19.7 
23.4 
86.9 
20.2 

100.0 

8a3 

12.4 

7.3 

92.7 

100.0 

25.1 

4.9 

70.0 

30.0 

Ooncentrates 

1.80 

Blimes. . .  

Tailings 

Ooncentrat«?+!|iI>n6fl 

1.54 
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Table  2. — CompoHHon  of  products  and  recoveries  of  auMples  from  vari4pus 

mines— Continued. 

SAMPLE  10.  FRANK  WHITE  MINE. 


Products. 


Fe. 


C^de 
CoDoei 

SljniM 

Tailings 

Coneentrates+sUmes 


PtTCCfUm 

45.8 
49.8 
53.7 
8.4 
50.9 


SiOs. 

CaO. 

Total 
Iron. 

Total 
fdlica. 

PereenL 
25.1 
19.1 
12.7 

84.3 
17.4 

Percent, 

Percent, 

100.0 

60.7 

28.0 

2.3 

97.7 

Percent, 

loao 

47.2 
11.7 
4L1 
58.9 

Batioof 
ooncan- 
tiBtian. 


1.57 


L14 


SAMPLE  11.  RUFFNEB  MINE. 


Grade 

27.7 
44.0 
39.1 
8.6 
42.7 

34.3 
17.7 
11.7 
60.7 
15.8 

10.1 

4.7 

100.0 
6L0 
24.6 
14.4 
85.6 

loao 

18.3 

5.6 

76.2 

23.8 

ronomtretcis 

2.87 

Rlimfln 

Oonomtrates+slimiNf 

1.83 

SAMPLE  12.  SPAULDINO    MINE. 


C^nde 

Conoentrates 

SUmes 

Tailings 

OoDoeatrates+slimm 


36.9 
46.5 
4&1 
8.9 
45.6 

27.0 
11.9 
14.0 
68.4 
12.1 

loao 

83.1 
9.9 
7.0 

93.0 

loao 

27.7 

3.8 

68.5 

31.5 

L56 
'i."S9 


SAMPLE  13.  SPAULDINO  MINE. 


SAMPLE  14.  SPAULDINO  MINE. 


Orade 

36.8 
45.6 
46.4 
0.3 
45.7 

26.2 
13.2 
13.1 
6&0 
13.2 

7.5 
7.6 

100.0 
82.1 

ia8 

7.1 
92.9 

100.0 

30.8 

3.9 

65.3 

34.7 

Coooentrates 

1.55 

ftlimfw 

Tailings 

CoDfiientnutcis+sI  linos    .  . . ,  , 

1.38 

Oode 

Coooentrates 

Slimes 

TalllngB 

Canosntntes+sUmes 


36.3 

27.7 

45.1 

13.6 

44.3 

14.9 

8.7 

66.3 

44.9 

13.6 

100.0 

8L4 

1L6 

7.0 

03.0 


SAMPLE  15.  SPAULDINO  MINE. 


loao 

30.4 

4.8 

64.8 

85.2 


L58 

i.'ss 


Ornde.  ....r-.-          

36.5 
45.0 
44.4 

8.7 
44.9 

26.1 
14.0 
14.4 
66.6 
14.1 

100.0 

8L4 

12.3 

6.3 

03.7 

100.0 

82.8 

5,2 

62.0 

88.0 

Coocontratgs. 

1.66 

fllimfff - 

Tailings 

CVwiMintmiAiH-sllmw     r 

1.35 

SAMPLE  16.  SPAULDINO  MINE. 


Grade 

8&9 
44.9 
4&6 
9.0 
46.1 

26.1 
13.1 
13.6 
69.1 
13.0 

100.0 

8L2 

1X4 

6.4 

98.6 

100.0 

3L1 

4.4 

64.6 

86.6 

Coooentrates 

1.64 

fltlnmw..  , 

TfUlingff 

O^wwitrates^-slinies 

1.34 
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Table  2.- 


■Composition  of  products  and  recoveries  of  samples  from  varioui* 

wiine«— Continued. 


SAMPLE  17,  SPAULDING  MINE. 


Products. 

Fe. 

SiOs. 

CaO. 

Total 
Inm. 

Total 
silica. 

Ratio  of 
oonoen- 
tration. 

Crude 

Percent. 
35.0 
47.7 
43.3 
&4 
47.1 

Percent. 
27.5 
12.3 
15.4 
66l4 
12.7 

Percent 

Percent. 

lOdO 

82.3 

11.2 

&5 

03.5 

Percent. 

loao 

27.8 

&2 

67.0 

83.0 

OcncOTitrfttflfl. 

L60 

Blfmiw 

T*ftfl*ngp 

CoTKMmtnttiNi  And  slimes 

L30 

AVERAGE  OF  SAMPLES  12  TO  17. 


Crude 

36wl 
45.6 
4&2 
8.8 
45.6 

26.8 
13.0 
14.2 
67.1 
13.1 

7.5 
7.6 

Conoentratee*. 

81.9 

1.56 

Slimm 

TaQings . 

OoncentmteB  and  Riim<w, ,           

93.3 

1.37 

SAMPLE  18.    ISHKOODA  MINE. 


Crude 

Cancentrates 

Slimes 

Tailings 

Conoentrates  and  slimes. 


33.5 
43.7 
45.4 

ia2 

43.9 

29.7 
14.2 
13.2 
66.5 
14.0 

&0 
7.7 

loao 

80.6 

12.1 

7.3 

92.7 

loao 

33.9 

4.5 

61.6 

38.4 

SAMPLE  19.    ISHKOODA  MINE. 


Crude 

Concentrates 

SlimoB 

Tailings 

Concentrates  and  slimes 


SAMPLE  20.    ISHKOODA  MINE. 


39.1 
47.1 
45.3 
9.8 
46.9 

2a5 
10.6 

ia6 

52.0 

lao 

100.0 

83.5 

11.6 

4.9 

e&i 

loao 

30l8 

6.8 

54.4 

4&6 

L56 
i.'34 


1.42 
'i.'24 


Crude 

Concentrates 

SUmes 

Tailings 

Concentrates  and  slimes. 


32.4 
42.3 
39.8 
&8 
42.0 

29.3 
16. 1 
12.4 
57.3 
15.6 

100.0 

8ao 

11.7 

&3 

9L7 

loao 

84.5 

4.1 

61.4 

38L6 

L66 
L'44 


SAMPLE  21.    ISHKOODA  MINE. 


(>ude 

42.3 
4&9 
49.0 
9.4 
4&9 

1&2 

9.6 

U.2 

55.0 

9.8 

loao 

8L4 

14.6 

4.0 

96.0 

loao 

37.6 

7.8 

54.6 

46.4 

Conoentrates 

1.44 

Slimes 

Tailings 

Concentrates  and  slimes 

L21 

SAMPLE  22.    ISHKOODA  MINE. 


Crude 

3&8 
4&2 
45.0 
&4 
46.1 

20.2 

n.3 

11.6 
55.0 
11.3 

loao 

86.0 
Ol2 
4.0 

05.1 

loao 

87.7 

4.2 

58.1 

41.0 

Cmicentrates 

1.43 

Slimes 

Ta^Ifngn 

Concentrates  and  slimes 

1.30 

SBStTLTS  OF  CONCENTBATION  TESTS. 
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Table  2. — Comfio^tion  of  products  and  recoveries  of  samples  from  various 

mines — Continued. 

AVERAQB  OF  8AMPLB8  18  TO  23. 


Products. 

Fe. 

SiOs. 

CaO. 

ToUl 
iron. 

Total 
atMca. 

RaUoof 
concen- 
timtlcni. 

Gnid« • 

PeretfU. 
37.1 
45.6 
44.9 
9.3 
4&6 

Percent. 
2S.6 

Percent. 

&0 

Percent. 

Percent. 

GoDoentratw 

IZ  4             7. 7 

■    la-i 

1.50 

Blfmw 

11.8 
57.2 
12.3 

''*^fl*ngff. 



911 

L31 



SAMPLE  23.    SONOO  MINE. 


Cmde 

37.1 
45.4 

43.9 

8.6 

46.2 

21.8 
12.7 
12.9 
58.8 
12.7 

100.0 

81.1 

12.4 

6.5 

93.5 

100.0 

32.0 

6.1 

62.9 

37.1' 

CfflioMitratfff 

1.58 

8IIni«i-     .  .  T , 

Trillings. ...  

ConcwitratM+fllim^fi 

1.37 

SAMPLE  24.    SONOO  MINE. 


Crude i 

CoDoantxatcs 

TafllDgs 

Coooen  trate8+ slimes 


38.3 
45.3 
44.1 
8.4 
45.1 


19.7 
12.3 
11.2 
53.9 
12.1 


100.0 

100.0 

82.5 

40.4 

12.9 

5.9 

4.6 

53.7 

95.4 

46.3 

1.46 
'i.'26 


SAMPLE  25.    SONGO  MINE. 


Grade 

CoDcaitntis 

Slimes ^ 

Tallin^....r. 

CoDoeatntfis+slimes 


39.1 
46.2 
46.8 
14.1 
46.1 

21.9 
12.6 
14.1 
.54.4 
12.8 

100.0 

78.1 

14.0 

7.9 

92.1 

100.0 

87.9 

7.7 

54.4 

46.6 

SAMPLE  26.    SONGO  MINE. 


SAMPLE  27.    SONGO  MINE. 


SAMPLE  28.    SONGO  MINE. 


1.51 
'i.'2S 


Crude 

39.3 
44.9 
43.7 
9.0 
44.7 

23.2 
12.4 
13.5 
58.6 
12.6 

1 
100.0 

100.0 

83.6 

5.8 

60.6 

39.4 

CffliCfflitrateR 

81.1 

1.54 

Blhneo 

12.7 

Tailinffs         

0.2 

r!flnn«nt.v<k.t-4M|4-slimM -.rrr 

93.8 

1.38 

Qmdet -.T.-. 

37.2 
43.5 
44.0 
7.4 
43.0 

21.1 
13.2 
12.8 
63.0 
18.1 

10.5 
9.5 

100.0 

83.2 

12.3 

4.5 

96.5 

100.0 

87.5 

5.3 

57-2 

42.8 

Oonoeintrates 

1.47 

RlimM      .      

Tafllni^ 

CoDoentratee-hsUmes 

1.28 

Grade 

CoDoentrates 

BiflDes •..«..••-..••. 

TalUngiB 

CoDoentrntes+slimes 


39.5 

19.3    

100.0 
83.9 
11.5 

4.6 
95.4 

100.0 

38.0 

4.9 

57.1 

42.9 

45.3 

11.8   

47  4 

11.7  : 

8.0 

57.2  ' 

45.5 

11.8   

1 

1.44 

■i.'27 
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Table  2. — OompoHtion  of  products  and  recoveries  of  samples  from  various 

mines — Continued. 

AVERAGE  OF  8AHPLES  23  TO  28. 


Products. 

Fe. 

SiOi. 

CftO. 

Total 
iron. 

Total 
sUica. 

Ratio  of 
ooncen- 
tration. 

Crude 

Percent. 
38.4 
45.1 
44.8 
0.3 
45.0 

Percent. 
21.2 
12.6 
12.7 
57.7 
12.5 

Percent. 

10.5 

0.5 

Percent. 

Percent. 

Oonc6ntnrt*>s -  r  - . 

81.7 

1.60 

Slime'' 

TaUJngs 

Conoentrttte^+sUme" 

04.3 

1.30 

SAMPLE  20.    FOSSIL  MINE. 


Crude 

30.8 
48.1 
43.8 
&1 
46.0 

21.1 
11.7 
16.6 
67.1 
13.1 

loao 

71.1 

25.0 

3.0 

06.1 

100.0 
31.8 
17.4 
5a8 
40.2 

Coooeutrates 

1.71 

Slimes 

TalllngR , , 

Conoentratee+rtlmfls 

1.24 

SAMPLE  30.    FOSSIL  MINE. 


Crude 

Coooeutrates 

Slimes 

Tailings 

Conoentrates+slimes 


87.8 
46.0 
44.6 
8.0 
45.8 

22.0 
11.0 
13.6 
56.3 
12.1 

100.0 

84.5 

0.0 

5.6 

04.4 

100.0 

36.2 

5.0 

5A.8 

41.2 

1.46 

i.'3i 


SAMPLE  31.    FOSSIL  MINE. 


Crude 

Coooentrates 

Slimes 

Taillni^ 

CoDoentrates+sUmes 


36.8 
45.3 
43.0 
8.2 
45.0 

21.7 
12.8 
13.7 
61.4 
12.0 

0.6 
7.6 

100.0 
84.0 

ia6 

5.4 
04.6 

100.0 

38.8 

5.5 

65.7 

44.3 

• 

L40 
i.32 


SAMPLE  32.    FOSSIL  MINE. 


Crude 

Concentrates 

Slimes 

Tailings 

Conoentrates+slimes 


80.4 
46.2 
44.2 

as 

46.0 

18.6 
11.0 
12.4 
51.5 
12.0 

100.0 

84.7 

11.1 

4.2 

05.8 

100.0 

42.4 

6.1 

61.5 

48.5 

1.42 
i.'86 


SAMPLE  33.    FOSSIL  MINE. 


Crude 

3&4 

45.3 

45.5 

8.5 

45.3 

20.2 
12.0 
11.3 
57.5 
11.0 

100.6 

84.0 

11.2 

4.8 

06.2 

IOOlO 

3&5 

4.8 

66.7 

43.3 

Concentrates 

1.44 

SUmes 

Tailings 

CanoentrttteA-f  slime"  .....         

L27 

SAMPLE  34.    FOSSIL  MINE. 


Crude 

35.6 
44.0 
42.0 
8.2 
44.5 

2L5 
12.2 
12.0 
60.4 
1Z3 

loao 

82.4 

11.5 

6.1 

03.0 

100.0 

35.3 

6.6 

50.1 

38.0 

Concentrates 

1.56 

Sli?pe« 

Tailings 

Conoentrates+slimes 

1.85 

EESULTS  OP  CONCENTRATION  TESTS. 
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Table  2. — CompoHtion  of  products  and  recoveries  of  samples  from  various 

mine«— Continued . 

WEBAOE  OF  SAMPLES  30  TO  34. 


* 

Products. 

Fe. 

SiOs. 

CaO. 

Totol 
iron. 

Total 
silica. 

Percent. 

Ratio  of 
concen- 
tration. 

Crude 

Percent. 
37.6 
45.6 
43.9 
&4 
45.3 

Percent. 
20.8 
1Z2 
12.8 
63.3 
12.2 

Perceni. 
9.6 
7.6 

Percent. 

OAomntratflii.. 

83.8 

1.47 

AltnM^ 

TlMflT^g^ 

1 

CoDoentrates+sUmes 

94.8 

1.30 

SAMPLE  36.    RTJFFNER  MINE. 


Crude 

Conoentiatea 

SUmes 

Tailings 

Conoentiates  +  slimes. 


38.1 
45.1 
44.3 
&6 
44.9 

22.1 
13.7 
14.2 
58.6 
13.8 

100.0 

85.4 

9.4 

5.2 

94.8 

100.0 

40.4 

4.7 

64.9 

45.1 

SAMPLE  36.    RUFFNER  MINE. 


L43 
i.'29 


Crude 

CoDoentrates 

Slimes 

TftlUngs 

Concentrates  +  slimes. 


34.5 
43.5 
40.4 
6.9 
43.1 

23.2 
16.0 
13.8 
50.1 
14.7 

100.0 

82.8 

1L9 

5.3 

94.7 

100.0 

40.0 

5.5 

54.5 

45.6 

L56 
i.35 


SAMPLE  37.    HAMMOND  MINE. 


Crude 

Concentrates 

Slimes 

Tallin^ 

Concentrates  +  slimes 


41.5 
46.8 
60.0 
&4 
47.2 

20.9 
14.0 
U.1 
64.1 
13.7 

••"/•••••• 

100.0 

84.6 

11.8 

3.6 

96.4 

100.0 

45.3 

4.7 

60.0 

60.0 

L37 
L2i 


SAMPLE  38.    RUFFNER  MINE. 


Crude 

38.2 

47.5 

38.9 

6.8 

46.1 

• 

40.8 
14.7 
23.8 
76.6 
16.1 

100.0 
77.8 
12.0 
10.2 
80.8 

100.0 

14.5 

4.4 

81.1 

18.9 

Concentrates 

2.26 

9lf  raes .  T » T 

Tailing;!.                            .    , 

CfflMMpntntes  +  slimes 

1.90 

SAMPLE  39.    HAMMOND  MINE. 


Crude 

Conoentsatee 

SUmes*  ••• 

TalHngi. 

Canoentrates  +  slimes 


46.2 
6&2 
65.5 
6.8 
66.3 

28.0 
14.6 
13.3 
87.1 
14.4 

100.0 

82.9 

13.7 

3.4 

96.6 

loao 

32L1 

4.8 

63.1 

36.9 

L60 
'i.*28 
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NOTES  ON  8AKPLES. 


ORE  FROM  TlSB  BIO  SEAM. 


SAMPLE    1.   ISHKOODA    MINE. 


Sample  1  was  taken  in  No.  13  slope,  6  right  heading,  near  the  man- 
way.  The  upper  bench  is  here  underlaid  with  a  J-inch  shale  parting 
and  is  7  feet  thick.    The  sample  was  taken  across  the  entire  bench. 


A  B    ao-38 


28-35  35-48  48-^  65-100         100-150 

Figure  1. — Results  of  tests  of  sample  l.« 


150-»0 


<200 


SAMPLE  2.   SPAULDINQ   MINK. 


Sample  2^  from  1  left  heading,  cross  left,  700  feet  from  slope.  The 
Big  seam  has  no  parting  in  this  mine,  so  that  the  lower  limit  of  the 
upper  bench  is  an  arbitrary  line,  and  the  upper  11  feet  of  the  seam 
were  mined  when  the  mine  was  working.  The  sample  represents  the 
entire  11  feet  of  workable  ore. 


SAMPLE   3.   SPAniJ)INQ  MINE. 

Sample  3  was  taken  from  3  left  heading  at  the  breast  and  repre- 
sents the  upper  12  feet  of  the  seam  or  the  part  that  was  worked  at 
this  point. 

Instead  of  the  concentrates  and  tailings  for  the  entire  sample  being 
analyzed,  the  concentrates  and  tailings  for  each  mesh  size  were 
analyzed,  and  the  composition  of  the  concentrates  and  tailings,  as 
given  above,  was  calculated  from  these  results.    The  analyses  of  the 

*  In  figs.  1  to  47,  column  A  shows,  in  upward  order,  the  percentage  of  concentrate, 
slime,  and  tailing  from  the  sample,  and  column  B  the  percentage  in  each  of  the  total 
iron  in  the  'sample.  Upper  broken  curve  shows  proportion  of  total  crushed  ore  in  each 
else ;  lower  broken  curve  shows  actual  quantity  of  concentrate  from  each  slse.     See  p.  15. 
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products  obtained  from  the  different  mesh  sizes  follow.    For  each 
mesh  size  the  percentage  of  the  total  iron  that  went  into  the  con- 


A    B       20-28 


28-35  85-48  48-^  65-100  100-150         150-200         <200 

Figure  2. — ReBults  of  tests  of  sample  2. 


centrates  and  the  tailings  in  that  size  is  given,  and  also  the  compo- 
sition of  the  crude  ore  of  each  size. 


Compoftition  of  concentrates  and  tailings  hy  mesh  sizes. 


1 

Concentrates. 

Tailings. 

Crade. 

TOtallnm  In— 

SJsoofinesh. 

Fe. 

SiOt. 

Fe. 

SiOt. 

Fe. 

8iO,. 

Concen- 
trates. 

Tafl. 
ings. 

20  to  28 

Per  cent. 
42.9 
45.7 
46.4 
46.8 
47.5 
51.7 
55.1 

Percent. 
9.5 
8.1 
7.6 
6.9 
6.9 
6.1 
5.7 

Percent. 
9.3 
10.0 
8.9 
8.1 
6.4 
6.6 
9.0 

Percent. 
44.7 
86.9 
33.5 
25.0 
24.9 
22.5 
20.0 

Percent. 
82.5 
36.1 
87.1 
85.0 
35.3 
88.4 
42.3 
40.0 

Percent. 
20.5 
15.9 
14.0 
12.4 
12.2 
10.9 
9.7 
8.9 

Percent. 
91.1 
92.6 
94.0 
93.0 
94.7 
95.0 
94.1 

Percent. 
8.9 

28  to  35 

7.4 

35  to  48 

6.0 

48  to  65 

7.0 

65  to  100 

5.3 

100  to  150 

5.0 

150  to  200 

5.9 

200.. 

The  above  table  shows  that  the  20  to  28  mesh  crude  ore  is  of 
decidedly  lower  grade  than  the  original  ore,  the  28  to  35  mesh  size 
is  of  about  the  same  grade,  and  the  smaller  sizes  are  all  better  than 
the  original,  there  being  a  nearly  constant  increase  in  grade  for  each 
successively  smaller  size.  If  at  the  outset  of  concentration  the  20  to 
28  mesh  size  were  rejected  and  thrown  into  the  tailings,  with  a  ratio 
of  concentration  of  2.11  and  and  an  iron  recovery  of  62.8  per  cent, 
one  would  obtain  a  concentrate  running  47.4  per  cent  Fe  and  7.3 


/ 
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per  cent  SiOg.    In  other  words>  the  compensation  for  a  decrease  in 
iron  recovery  of  21  per  centr  would  be  by  only  an  increase  of  1.2  per 


A  B     :^a8 


2S-35  35-48  48-65  6fr-100         100-150 

Figure  3. — Results  of  tests  of  sample  3. 


160-200 


<M0 


cent  iron  and  a  decrease  of  0.6  per  cent  silica  in  the  concentrates,  not 
enough  to  warrant  the  procedure. 

SAMPLE  4.   HAMMOND  MTNi:. 

The  Big  seam  was  not  worked  at  this  mine,  but  it  is  cut  by  an  adit 
driven  to  reach  the  slope  on  the  Irondale  seam,  and  the  sample  was 


A    B      30-28 


28-35  35-48  48-65  65-100         100-150 

Figure  4. — Results  of  tests  of  sample  4. 


150-200 


<200 


taken  from  the  exposure  in  this  adit  The  seam  here  is  only  a  few 
feet  from  the  surface,  and  the  ore  corresponds  more  nearly  to  soft 
ore.    The  sample  was  taken  across  the  entire  seam. 
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6AHFLE  5.  BtTFFNES  MINB. 

The  Big  seam  in  the  Ruffner  mine  is  about  18  feet  thick,  the  upper 
7  feet  being  workable,  and  is  overlain  by  what  is  called  "  honeycomb  " 
rock,  which  is  really  a  low-grade  ore  high  in  silica  with  considerable 
visible  calcite.  The  sample  was  taken  from  the  7  feet  of  workable 
ore  at  the  bottom  of  the  slope  at  heading  10  left.  The  ore  is  un- 
usually fine  grained,  as  is  shown  by  the  screen-analysis  curves  (figs. 
5  to  8). 

Because  the  ore  was  so  fine  grained  another  part  of  the  sample  was 
crushed  to  pass  35  mesh  and  subjected  to  separation.  The  results  of 
this  test,  given  in  Table  1  (p.  19)  „  show  a  screen-analysis  curve 
(fig.  6)  of  the  same  character  as  that  from  the  20-mesh  test  and  the 


A   B      3&« 


38-3»  8(M8  48-65  6$-100        lOO-lJX) 

Fiouu  5. — BeBQlts  of  tests  of  sample  5. 


160-200 


<90O 


same  percentage  of  tailings  in  the  concentration  tests.  The  only  evi- 
dent change  is  an  increase  of  slimes  and  a  decrease  in  the  quantity  of 
concentrates  with  finer  qru^hing.  Though  no  analysis  was.  made  of 
the  products,  the  various  percentages  seem  to  indicate  that  little  was 
gained  by  the  finer  crushing. 


SAMPLE  6.      BT7FFNEB  lONE. 


Sample  6  was  taken  from  4  left  heading,  400  feet  from  the  slope, 
and  represents  the  upper  7  feet  of  ore.  This  ore  is  very  fine  grained, 
as  the  screen-analysis  curves  indicate.  Only  the  concentrates  from 
this  separation  were  analyzed.  They  carried  42.5  per  cent  Fe  and 
20.6  per  cent  SiOj.  Another  part  of  this  sample  was  crushed  under 
36  mesh  and  concentrated ;  the  results  are  given  on  page  20. 
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Crushing  this  sample  finer  than  35  mesh  increased  the  ratio  of  con- 
centration from  1.64  to  2.44,  and  correspondingly  increased  the  grade 


35^8  48-65  65-100         100-150         150-300 

FiouBB  6. — ^Results  of  tests  of  sample  5  under  35  mesh. 


<aoo 


of  the  concentrates.    The  increase  of  slimes  leaves  the  advantage  still 
decidedly  in  favor  of  the  35-mesh  size,  for  if  the  slimes  are  added  to 


90-38  38-35  85-48  48>66  65-100         100-180        150-200 

FiouBi  7. — Results  of  tests  of  sample  6. 


<200 


the  concentrates  the  ratio  of  concentration  becomes  1.65,  which  is 
practically  that  of  the  concentrates  in  the  20-mesh  size,  and  yet  the 
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cmnposition  of  the  ccnnbined  product  runs  only  1.5  per  cent  less  in 
iron  and  5  per  cent  less  in  silica.  If  the  slimes  are  rejected  and 
only  the  concentrates  considered,  the  finer  crushing  yields  a  product 
1.2  per  cent  higher  in  iron  and  3.9  per  cent  lower  in  silica,  but  de-. 
creases  the  iron  recovery  to  64  per  cent. 

COMMBKTS  ON  TESTS  OF  UPFEB  BENCH  OSE. 

Of  the  preceding  six  samples  of  Big  seam  ore  the  Hammcmd  * 
sample  represents  soft  ore  from  the  entire  thickness  of  the  seam,  the 
Ishkooda  sample  is  self -fluxing,  and  the  other  four  are  siliceous 
hard  ores.    The  two  from  the  Spaulding  mine  are  comparatively 


A   B 


SO-88  4S^K  6&-100        100»150        180*360 

FiGUBi  8. — ^Besnlts  ot  tests  of  sample  6  under  35  mesh. 


<aoo 


good  for  ores  of  that  type,  but  the  two  from  the  Ruffner  mine  are 
low  in  iron  and  high  in  silica  and  can  not  be  utilized  in  their  present 
condition. 

Concentration  of  the  self -fluxing  Ishkooda  ore  yielded  a  self -fluxing 
concentrate  more  than  10  per  cent  higher  in  iron  and  3  per  cent  lower 
in  silica  than  the  original  ore.  Though  the  product  is  more  valuable, 
concentration  would  hardly  be  justified  because  the  crude  ore  is  itself 
marketable. 

The  Spaulding  ores  represent  those  that  are  too  siliceous  to  work 
except  when  the  iron  market  is  strong.  The  average  of  the  two 
samples  is  36.3  per  cent  Fe  and  17.8  per  cent  SiO,,  and  in  one  sample 
the  lime  content  is  11.1.  The  concentrates  average  46.3  per  cent  Fe 
and  9.4  per  cent  SiOj,  and  the  lime  content  of  one  sample  is  8.5.  In 
other  words,  concentration  of  a  decidedly  siliceous  ore  yielded  a  con- 
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centrate  carrying  10  per  cent  more  iron,  8.4  per  cent  less  silica,  and 
nearly  self -fluxing.  Addition  of  the  slimes  to  the  concentrates  makes 
a  product  averaging  45.8  per  cent  Fe  and  9.6  per  cent  SiOj,  a  reduc- 
tion of  only  0.5  per  cent  Fe  and  an  increase  of  0.1  SiO,,  with  an  in- 
crease of  iron  recovery  from  84.7  to  94  per  cent.  Thus  the  concen- 
tration of  the  upper-bench  Spaulding  ore,  which  has  been  utilized 
only  when  the  iron  trade  was  most  active,  yielded  a  product  better 
than  the  best  of  the  crude  ores  of  the  district 

The  soft  Hammond  ore,  which  in  its  crude  state  is  too  low  in  iron 
and  high  in  silica  to  have  any  value,  yielded  a  concentrate  somewhat 
better  than  the  average  soft  ore  of  the  district,  which  according  to 
Phillips  "  carries  50.80  per  cent  Fe  and  18.50  per  cent  SiOg. 

Least  promising  are  the  results  from  the  two  samples  of  Buffner 
ore.  They  average  28.8  per  cent  Fe  and  30.9  per  cent  SiO,,  and  the 
concentrates  average  42  per  cent  Fe  and  18.5  per  cent  SiOj.  In  one 
sample  the  lime  content  fell  from  10.2  in  the  crude  ore  to  6.9  per  cent 
in  the  concentrates.  The  average  of  concentrates  plus  slimes  is  40.5 
per  cent  Fe  and  17.1  per  cent  SiO„  and  the  iron  recovery  is  thereby 
increased  from  67.6  per  cent  to  88  per  cent.  Either  product  is  below 
the  limits  of  marketable  ore. 

BIG  SEAM  ORE  FROM  FRANK  WHITE  MINE. 

Four  samples  of  soft  ore  were  taken  from  the  open  cut  of  the 
Frank  White  mine^  on  the  summit  of  Red  Mountain,  at  the  south 
end  of  Birmingham.  An  incline  leads  from  this  open  cut,  which  is 
several  hundred  feet  long,  to  the  railroad  tracks;  At  the  top  of  the 
incline  the  entire  thickness,  18  feet,  of  the  Big  seam  is  exposed. 
Only  the  upper  6  feet  has  been  worked,  and  from  it  two  samples 
were  taken,  one  from  each  side  of  the  incline.  A  third  sample 
was  taken  at  the  incline,  from  the  middle  6  feet  of  the  bed,  and 
a  fourth  at  the  same  place  from  the  lowest  6  feet,  which  is  much 
finer  grained  than  the  rest  of  the  bed,  as  indicated  by  the  screen- 
analysis  curves  (figs.  12  and  13).  The  ore  from  the  middle  6  feet  is 
similar  in  appearance  to  that  from  the  upper,  but,  as  the  analyses 
show,  is  much  poorer^  being  high  in  silica  and  low  in  iron  for  a  soft 
ore.  Because  of  the  three  divisions  of  the  bed,  and  the  samples  being 
taken  at  the  outcrop,  they  are  considered  apart  from  the  rest  of  the 
Big  seam  samples. 

SAMPLE    7.  FBANK    WHITE   MIN& 

Sample  7  represents  the  upper  6  feet  of  the  Big  seam  in  the  part 
of  the  open  cut  south  of  the  incline. 

•  Phillips,  W.  B.,  Iron  making  in  Alabama,  8d  ed. :  Alabama  Geological  Survegr,  1012, 
p.  80. 
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SAHPUB   8.  ISANK   WHTIS  MINB. 


Sample  8  represents  the  upper  6  feet  of  the  Big  seam  in  the  part 
of  the  open  cut  north  of  the  incline. 


A   B      90-28 


28-85  3M8  48-86  65-100        100-160 

FiouBB  9. — ^Results  of  tests  of  sample  7. 


160-200         <200 


SAMPUB   0.  VBANK    WHTTE   IflNE. 


Sample  9  was  taken  from  the  middle  6  feet  of  the  Big  seam,  where 
it  is  cut  by  the  incline  at  the  top  of  the  ridge. 


A   B       20-28  28-35  86-48  48-65  65-100  100-160 

FtouBB  10.— Besnlts  of  tests  of  sample  a 
102081'— 17— BiiU.  no 4 
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8AMFLB   10.  FSAITK   WHITE   MINE. 


Sample  10  was  taken  from  the  lowest  6  feet  of  the  Big  seam,  where 
it  is  cut  by  the  incline  at  the  top  of  the  ridge. 


A    B      a&-28 


S-85  85^18  4g-66  66-100         100-150 

FiouRB  11. — ^Results  of  teats  of  sample  8. 
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No  analyses  were  made  of  the  products  of  this  separation;  but, 
the  ore  was  much  finer  grained  than  that  from  the  overlying  part 


90-98  88-86  85^18  48-66  66-100        100-160 

FiouBi  12. — Results  of  tests  of  sample  10. 


160-960 
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of  the  bed,  another  portion  of  the  sample  was  crushed  to  pass  35 
mesh,  and  subjected  to  separation  tests.  The  results  are  given  on 
page  22. 
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As  no  analyses  were  made  of  the  20-nMsh  separation  products,  the 
composition,  of  the  products  can  not  be  compared.  In  the  SS-mesh 
test  the  percentage  of  concentrates  was  reduced  8  per  cMit  and  per- 
centage of  tailings  increased  6.4  per  cent.  Probably  the  concentrate 
was  a  little  higher  in  grade  and  the  slimes,  on  account  of  silica- being 
crushed,  a  little  lower.  The  screen-analysis  curves  show  the  same 
characteristics. 


COMMENTS  OK  TESTS  OF  ORE  FROM  FRANK  WHITE  MINE. 

In  the  separation  tests  the  upper  6  feet  of  soft  ore,  averaging,  in 
the  two  samples,  44.6  per  cent  Fe  and  25.3  per  cent  SiOj,  gave  a 
concentrate  averaging  53  per  cent  Fe  and  12.9  per  cent  SiO^  with 


A    B 


FiGIZIB  18.- 


4»^S6  66-100        100-iaO        UO-900 

-BMulti  of  testa  of  Mmple  10  under  86  Mttrii. 
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a  ratio  of  concentration  of  1.42 ;  adding  the  slimes  to  the  concentrates 
gives  a  product  averaging  53  per  cent  Fe  and  12.9  per  cent  SiO^,  with 
a  concentration  ratio  of  1.25  and  an  increase  in  iron  recovery  from 
84.5  to  96.2  per  cent.  Adding  the  slimes  to  the  concentrates  materi- 
ally increases  the  iron  recovery  without  lowering  the  grade  of  the 
concentrate.  The  iron  content  of  the  crude  ore  is  about  6  per  cent 
below  the  average  for  the  soft  ore  of  the  district  and  about  7  per 
cent  higher  than  the  average  in  silica,  and  the  ore  can  be  utilized 
only  when  the  iron  trade  is  active.  The  tests  produced  from  it  a 
product  equaling  in  gi*ade  the  best  ores  obtainable  in  the  district. 
The  middle  6  feet  of  the  Big  seam  is  too  low  grade  to  be  workable. 
The  concentrates  are  poorer  than  the  average  soft  ore  of  the  district, 
and  hence  concentration  by  the  method  described  would  not  be 
feasible  for  this  part  of  the  bed. 


50  CONCENTRATION  OP  SIUOEOTTft  HEMATITE. 

The  o(Mnposition  of  the  lowest  6  feet  of  the  bed  is  ahnost  identical 
with  that  of  the  upper  6  feet,  but  the  concentrates  .were  no  better 
than  thoeie  from  the  middle  6  feet  The  slimes  fr(Mn  the  lowest  6  feet 
are  of  much  higher  grade,  however,  and  adding  them  to  the  con- 
centrate gives  a  product  slightly  better  than  the  average  soft  ore. 
The  results  are  much  poorer  than  those  obtained  with  the  upper  6 
feet,  and  indicate  that  concentration  of  such  ore  is  not  practicable 
with  the  method  used.  The  much  finer  grain  of  this  ore,  which  pre- 
vents the  silica  from  being  separated  t?  the  same  degree,  accounts  for 
the  difference,  although  the  ore  was  crushed  to  pass  35  mesh  as 
against  20  mesh  for  ore  from  the  upper  6  feet. 

Averaging  the  analyses  gives  42.2  per  cent  Fe  and  30.5  per  cent 
SiOa  for  the  total  thickness  of  the  seam.  Concentrates  from  it  would 
carry  50.9  per  cent  Fe  and  17.2  per  cent  SiOj,  with  a  ratio  of  concen- 
tration of  1.60  and  an  iron  recoveiy  of  78.2  per  cent  Adding  the 
slimes  to  the  concentrate  gives  a  product  averaging  51.1  per  cent  Fe 
and  16.8  per  cent  SiOj,  with  a  ratio  of  concentration  of  1.31  and  an 
iron  recovery  of  95.5  per  cent  Hence  it  seems  that  concentration 
of  the  entire  bed,  with  an  iron  recovery  of  95.5  per  cent,  would  yield 
a  product  considerably  better  than  the  average  of  the  soft  ore  of 
the  district.  Concentration  would,  therefore,  make  the  entire  seam 
workable. 

ORE  FROM  THE  LOWER  BENCH,  BIG  SEAM. 

There  were  tested  23  samples  of  ore  f  rq||i  the  lower  bench  of  the 
Big  seam  from  mines  between  Bessemer  and  Graces  Gap  and  one  from 
the  Suffner  mine,  about  10  miles  northeast  of  Graces  Gap.  The  23 
samples  were  obtained  trom  that  part  of  the  district  in  which  min- 
ing is  most  active,  and,  consequently,  beneficiation  of  the  siliceous 
ores  is  of  immediate  importance.  Hence  these  ores  have  received 
more  attention  in  this  investigation  than  other  ores  and  other  parts 
of  the  district 

8AHPXE  11.  BUFFNEB  MINE. 

Sample  11  represents  the  upper  8  feet  of  the  lower  unworkable 
part  (11  feet  thick)  and  was  taken  in  2  left  heading,  30  feet  from 
the  slope.  It  has  the  same  fine  grain  as  ore  from  the  upper  part 
of  the  seam,  this  feature  being  clearly  shown  by  the  screen-analysis 
curves  (fig&  14  and  15). 

Because  of  the  ore  being  fine  grained,  the  separation  products  were 
not  analyzed,  but  another  part  of  the  sample  was  crudied  to  pass 
35  mesh  and  tested,  with  the  results  given  on  page  22. 

As  the  20-mesh  products  were  not  analyzed,  their  composition 
can  not  be  compared.    The  35-mesh  size  yielded  8.5  per  cent  less 
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conceDtrates,  5.6  per  cent  more  slimes,  and  2.9  per  cent  man  tailinga 
This  doubtless  means  that  the  concentrates  of  the  SS-mesh  size  are 


ao-38 


3»-35  35^18  48-66  05-100        lOO-UO 

Figure  14. — Besalts  of  tests  of  sample  11. 
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appreciably  better  but  the  slimes  are  poorer  than  those  of  the  20-mesh 
size.  The  crude  ore  is  of  slightly  lower  grade  than  the  two  tested 
samples  of  crude  ore  from  the  upper  part  of  the  seam,  yet  the  con- 
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35-48  48-65  65-100  100-160         160-200 

FiouBS  15. — Results  of  tests  of  sample  11  under  36  mesh. 
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centrate  obtained  runs  2  per  cent  higher  in  iron  arid  nearly  1  per  cent 
lower  in  silica  than  the  average  of  that  obtained  from  the  other  two 
samples;  and  the  composition  of  concentrates  plus  slimes  runs  2.2 
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per  oent  higher  ia  iron  and  1.3  per  cent  lower  in  silica  than  for  the 
upper  ores.  As  in  the  tests  of  the  upper  ore,  however,  the  grade  of 
the  products  is  too  low  to  make  concentration  attractive^  The 
results  would  indicate  that,  if  the  Kuffner  orQ  is  to  be  concentrated, 
the  entire  bed  will  yield  as  good  results  as  the  upper  7  feet  worked 
in  the  past. 


SAMPLE   12.   8PAULDINQ  MINE. 


In  the  Spaulding  mine  the  Big  seam  is  about  22  feet  thick.  No 
parting  separates  the  seam  into  an  upper  and  a  lower  bench,  the 
upper  more  calcareous  and  less  siliceous  ore  grading  into  the  lower 
less  calcareous  and  more  siliceous  one.  When  the  mine  was  active 
only  the  upper  11  feet  of  the  seam  was  mined.  Sample  12  represented 
the  lower  11  feet  of  the  seam  and  was  taken  in  1  left  heading,  cross 
left  (a  cross  left  is  a  branch  to  the  left  from  a  left  main  heading, 
and  hence  cuts  well  into  the  Ipwer  bench),  700  feet  from  the  slope. 

The  concentrates  and  tailings  from  each  mesh  size  were  analyzed, 
and  from  the  analyses  the  composition  of  the  concentrates  and  tail- 
ings, as  given  on  page  23,  was  calculated.  The  composition  of  the 
crude  ore  of  each  mesh  size  and  the  percentages  of  iron  that  went 
into  the  concentrates  and  tailings  were  calculated.  The  results  are 
shown  in  the  table  below : 

CompoHtion  of  coneentrates  and  tailings  hy  mesh  sizes. 


Conoentrates. 

Tailings. 

Crude. 

Total  iron  in— 

SJteeof  mesh. 

Fe. 

SIQa. 

Fe. 

SiOt. 

Fe. 

SiOt. 

Coneen- 
trates. 

Tafl- 

ingB. 

20  to  28 

Percent. 
42.8 
44.1 
45.0 
47.0 
48.6 
53.1 
52.4 

Percent. 

15.6 

12.7 

10.8 

9.2 

8.9 

7.5 

9.6 

Percent. 
8.6 
8.6 
8.9 
9.3 
8.5 
8.9 
14.9 

Per  cent. 
76.5 
73.1 
64.5 
54.2 
54.0 
48.7 
42.4 

Percent. 

U.2 
36.1 
385 
39.0 
43.5 
45.1 
46.1 

PercerU. 
38.5 
33.0 
24.0 
19.3 
18.7 
16.4 
16.0 
14.0 

Percent 
88.8 
91.0 
93.9 
94.6 
95.4 
96.6 
93.6 

Percent. 
11.2 

28toS5 

n 

36  to  48 

48  to  65 

5.4 

66  to  100 

4.0 

100  to  150 

4.4 

150  to  200 

6.5 

200 

The  20  to  28  and  28  to  35  mesh  sizes  are  of  lower  grade  than  the 
original  crude  ore,  whereas  the  finer  sizes  are  all  of  higher  grade, 
the  quality  improving  with  the  fineness.  If  the  20  to  28  mesh  size  were 
rejected,  the  concentrate  obtained  from  the  remainder  would  aver- 
age 46.7  per  cent  Fe  and  10.6  per  cent  Si02,  with  a  ratio  of  concen- 
tration of  2.07  and  an  iron  recovery  of  59.9  per  cent.  This  product 
would  run  1.2  per  cent  higher  in  iron  and  1.3  per  cent  lower  in  silica, 
but  the  decrease  in  the  iron  recovery  would  be  23.2  per  cent.  Hence 
rejection  of  that  size  would  not  be  warranted. 
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BAMPIM  18.      BFAULDINO  MINE. 


Sample  13  represents  the  upper  6  feet  of  the  lower  bench  in  8  left 
heading,  at  the  breast. 


3S-86  85-48  48-«6  66-100         100-150        150-880 

FiomuB  16. — ^Eesults  of  tests  of  Minple  12.  * 


«    8AMFU  14.      8PAT7LDINO  MimB. 


Sample  14  was  taken  from  the  upper  4  feet  of  the  lower  bench  of 
the  Big  seam  in  5  left  heading,  1,600  feet  from  the  slope. 


A   B       30-88 


88-86  86^  48-8$  66-100        100-150 

FiGUBB  17. — BesoItB  of  tests  of  sample  18. 
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Another  part  of  the  sample  was  crushed  to  pass  35  mesh  and  sub- 
jected to  separation  tests,  with  the  results  given  on  page  24.    Only 
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the  concentrates  were  analyzed,  they  contained  45.3  per  cent  Fe  and 
18.0  per  cent  SiO,,  the  ratio  of  concentration  being  1.90  and  the  iron 
recovery  67.7  per  cent.  Compared  with  the  20-mesh  test  these  con- 
centrates have  only  0.2  per  cent  more  iron,  anc^  only  0.5  per  cent  less 
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J8^  86^  48-66  65-100        lOO-lfiO 

Fionas  18. — ^Results  of  tests  of  sample  14. 
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silica,  although  the  iron  recovery  is  13.7  per  cent  less.  Such  results 
would  not  justify  the  finer  grinding.  The  amount  of  tailing  is  nearly 
the  same  for  both  20  and  35  mesh  ore,  so  that  the  lower  percentage 
of  concentrates  is  due  almost*  entirely  to  the  higher  percentage  of 
slimes. 


86^  48-65  66-100         100-160         160-900 

FiovEs  19.->Re8iilt8  of  tests  of  sample  14  tinder  85  mesh. 
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SAMFLB  15.      SPAULDINO  MINB. 


Sample  15  was  taken  from  the  upper  3  feet  of  the  lower  bench  of 
the  Big  seam  in  6  left  heading,  at  the  breast  of  the  drift. 


A    B      9l^-S8 


98-86  8fr-«8  4»-65  66-100        100-160 

FiGURB  20. — Besnlts  of  tests  of  sample  15. 
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SAMPUB   16.      8PAX7LDINO  MINIC 


Sample  16  was  taken  from  the  3  feet  of  ore  immediately  below 
the  workable  ore,  in  10  left  heading,  at  the  breast. 


A   B      »-2B 


18-86  8fr-«8  48-66  66-100         100-160 

FiGUBB  21. — ^Results  of  tests  of  sample  IG. 
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SAICPLB   17.      8PAX7LDINO  MINK. 

Sample  17  was  taken  from  the  upper  8  feet  of  the  lower  bench  of 
the  Big  seam  in  6  right  heading,  600  feet  from  the  slope. 

COMMENTS  ON  TESTS  OF  LOWER  BENCH  BIQ  SEAM  OBE  FROM  THE  SPAULDING  VINE. 

The  results  of  the  tests  of  the  preceding  six  samples  of  ore  are 
strikingly  uniform.  The  average  of  the  results  obtained  from  the 
six  samples  is  given  in  Table  1  on  page  38.  They  deviate  only  a 
little  from  the  results  obtained  with  the  individual  samples,  hence 
the  Spaulding  lower  bench  ore  is  presumably  of  uniform  character 
throughout,  and  the  results  obtained  may  be  regarded  witli  more 
than  usual  confidence  as  representing  what  may  be  expected  of  this 
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2»-86  86-48  48-<S6  06-100         100-160 

FiouRB  22. — ^Results  of  teflts  of  sample  17. 
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ore  under  large-scale  treatment.  The  slimes  are  so  little  lower  in 
grade  than  the  concentrates  that  in  order  to  increase  the  iron  recov- 
ery 11.4  per  cent  the  mixture  of  concentrates  plus  slimes  can  be 
considered  as  the  final  product.  Then  concentration  increases  the 
iron  9.5  per  cent,  reduces  the  silica  13.7  per  cent,  and,  judged  by  the 
single  determination,  leaves  the  percentage  of  lime  practically  un- 
changed, the  net  result  being  a  decided  increase  in  quality,  with  a 
concentration  of  about  4  tons  into  3  and  an  iron  recoveiy  of  93.3 
per  cent.  Such  a  product  is  better  than  the  average  washed  brown 
ore  of  the  district.    Burchard^  gives  23  analyses  of  washed  brown 

«  Burchard,  E.  F.,  and  Butts,  Charles,  Iron  ores,  fuels,  and  fltlxes  of  the  Birmtngham 
district  Ala. :  U.  S.  Geol.  Sorvey  BaU.  400,  1010,  p.  169. 
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ore  from  the  Woodstock  and  Champion  areas,  which  average  45 
per  cent  Fe,  14.6  per  cent  SiO^,  4  per  cent  AljO,,  and  0.74  per 
cent  Mn.  The  Spaulding  concentrate  nms  0.6  per  cent  higher  in 
iron  and  1.5  per  cent  lower  in  silica  and  its  lime  content  more  than 
counterbalances  the  manganese  content  of  the  brown  ore.  Accord- 
ing to  the  results,  concentration  of  the  lower  bench  Spaulding  ore 
should  produce  a  product  that  cenx  easily  compete  with  the  brown 
ores  of  the  district. 


SAMPLE   18.  ISHKOODA  IflNS. 

The  upper  bench  in  the  Ishkooda  mine  is  about  7  feet  thick.  A 
mere  parting  along  the  bedding  plane  with  only  here  and  there  a 
thin  layer  of  shale  separates  it  from  the  lower  bench.  In  working 
this  bench  about  3  feet  and  sometimes  as  much  as  5  feet  of  the  lower 
bench  ore  is  also  taken.  From  7  to  10  feet  of  ore  is  left  beneath  and 
sample  18  was  taken  from  it  in  18  left  heading,  200  feet  from  the 
slope. 


A    B       »-28 


»^  85-48  48-66  6&-100  100-150 

FiGUES  23. — Results  of  tests  of  sample  18. 
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SAMPLE  19.   ISHKOODA  VINE. 


Sample  19  was  taken  from  the  upper  4  feet  of  the  lower  bench 
of  the  Big  seam  at  the  same  place  as  sample  18  and  represents  lower 
bench  ore  that  ii^  mined  with  upper  bench  ore. 


SAMPLE  20.  ISHKOODA  KINS. 


Sample  20  was  taken  in  15  right  heading,  500  feet  from  the  slope, 
and  r^resents  the  lower  bench  8  to  10  feet  below  the  parting. 


58 


CONCENTRATION   OF   SILICEOUS  HEMATITE, 


The  concentrates  and  tailings  of  each  mesh  size  were  analyzed 
separately  and  the  composition  of  the  concentrates  and  tailings  for 


A   B      20-28 


28-39  36-48  48-^  65-100         100-160       160-200 

FiouBB  24. — Results  of  tests  of  sample  10. 
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the  entire  sample,  as  given  in  Table  1  on  page  26,  was  calculated 
from  these.  The  table  below  shows  these  analyses  and  the  calcu- 
lated composition  of  the  crude  of  each  mesh  size. 


Composition  of  concentrates  and  tailing  by  mesh  sizes. 

Concentrates. 

TailJngs. 

Crode. 

Total  iron  in— 

filfeofmesh. 

Fe. 

SiOi. 

Fe. 

SiOs. 

Fe. 

SiOi. 

OonoQu- 
trates. 

Tafl- 
ings. 

20  to  28 

Percent. 
43.6 
87.2 
42.2 
43.3 
46.6 
47.9 
60.7 

Percent. 

19.3 

21.7 

12.4 

10.4 

9.2 

9.7 

8.6 

Percent. 
8.7 
9.1 
8.7 
8.1 
8.0 
8.9 
13.1 

Percent, 
68.6 
63.3 
61.8 
41.6 
86.8 
33.3 
29.3 

Percent. 
28.8 
20.6 
81.8 
82.4 
83.9 
86.3 
43.3 
89.8 

Percent. 
40.1 
33.1 
24.7 
20.1 
18.8 
16.7 
12,7 
12.4 

Percent, 
87.8 
01.6 
91.6 
92.8 
92.2 
92.7 
94.0 

Percent, 
12.7 

28  to  36 

8.4 

86  to  48 

8.5 

48  to  66 

7.7 

66  to  100 

7.8 

100  to  150 

7.8 

160  to  200 

6.0 

aoo 

The  20  to  28  and  28  to  35  mesh  sizes  are  of  lower  grade  than  the 
original  ore,  whereas  all  smaller  sizes  of  the  crude  are  of  higher 
grade,  the  quality  increasing  with  the  iBneness,  except  that  the  150 
to  200  mesh  size  contains  more  iron  than  the  slimes,  and  is  higher 
in  iron  and  lower  in  silica  than  the  concentrates  themselves.  Hence, 
everything  smaller  than  150-mesh  might  have  been  added  directly  to 
the  final  product 

Another  part  of  the  same  sample  was  crushed  to  pass  35-mefili  and 
subjected  to  separation  tests,  with  the  results  given  on  page  26.    By 
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analysis  these  concentrates  contained  42.1  per  cent  Fe  and  13.3  per 
cent  SiOj,  the  silica  being  nearly  8  per  cent  lower  than  in  the  con- 


A  B      ao>28 


28-35  85-48  48-65  65-100  100-150 

FiQUBB  26. — ^Remilts  of  tests  of  sample  20. 


\50-a00        <200 


centrates  of  the  20-mesh  test.  Compared  with  that  test  the  ratio  of 
concentration  is  2.10  instead  of  1.66,  and  the  iron  recovery  61.9  as 
against  80  per  cent.    Finer  crushing  increased  the  proportion  of 


30-48  48-65  05-100         100-150        150-200 

FiouRB  26. — Results  of  tests  of  sample  20  under  35  mesb. 


<2B0 


tailings  only  a  little  more  than  1  per  cent,  and  the  decrease  of  con- 
centrates, 12.8  per  cent,  is  offset  by  the  larger  proportion  of  slimes. 
Adding  the  slimes  to  the  concentrates  yields  a  final  product  that 
would  probably  differ  little  from  the  corresponding  product  of  the 
20-me8h  test 
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CONCENTRATION   OP  SILICEOUS  HEMATITE. 


SAMPLE  21.      ISHKOODA  MUTE. 


Sample  21  was  taken  in  6  right  heading,  near  the  manway.  Here 
the  parting  is  a  1  to  2  inch  layer  of  shale,  and  the  sample  was  taken 
from  the  3^  feet  of  ore  just  under  it. 


A    B       90-28 
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2g-35  36^48  48-65  65-100         100-150 

FiouBX  27. — Results  of  tests  of  sample  21. 

SAMPLE  22.      ISHKOOOA  MINE. 

Sample  22  was  taken  from  the  upper  7  feet  of  the  lower  bench  in 
10  right  heading,  200  feet  from  the  slope.  Here  the  parting  is  merely 
a  break  in  the  bedding,  no  shale  being  present. 


A   B     20^ 


28-85  35-48  4»-66  65-100         100-150 

FiauBB  28.— ResnltB  of  tests  of  sample  22, 
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0OM1IENT8  ON  TESTS  OF  OBB  VBOM  LOWKB  BENCH  IN  I8HK00DA  MINE. 

Compared  witii  th^  Sl^aulding  ore,  the  five  samples  show  consider- 
able yariati<m,  largely  beeause  samples  20  and  21  represent  only  the 
less  siliceous  part  of  the  lower  bench  ore  that  is  taken  out  with  the 
upper  bench  in  mining.  In  consequence  the  averages  of  the  five  sam- 
ples of  Ishkooda  ore,  on  page  87,  are  somewhat  better  than  the 
probable  average  of  the  whole  bench. 

The  composition  of  the  slimes  is  so  nearly  like  that  of  the  con- 
centrates that  only  a  final  product  of  slimes  plus  concentrates  need 
be  considered,  this  product  being  of  the  same  grade  and  the  iron 
recovery  being  higher.  This  product  is  8.5  per  cent  higher  in  iron 
and  13.8  per  cent  lower  in  silica  than  the  original  ore  and  has  about 
the  same  lime  content  according  to  the  one  determination.  Com- 
pared with  the  average  of  the  brown  ores  of  the  district  (p.  76),  this 
product  runs  0.6  per  cent  higher  in  iron,  2.3  per  cent  lower  in  silica, 
and  has  a  lime  content  of  nearly  8  per  cent  to  offset  the  manganese 
content  of  the  brown  ores.  Judged  by  its  composition,  it  can  readily 
compete  with  them.  As  samples  19  and  21  represent  only  the  best 
part  of  the  lower  bench,  the  results  from  samples  18,  20,  and  22 
were  also  averaged  separately.  The  composition  of  the  concentrates 
plus  slimes  averaged  44.0  per  cent  Fe  and  13.6  per  cent  SiO,,  or 
1  per  cent  less  in  iron  and  silica  than  the  brown  ores,  and  hence  com- 
pares favorably  with  them.  This  result  is  obtained  with  a  concen- 
tration of  4  tons  into  8  and  an  iron  recovery  of  98.2  per  cent 

SAMPLES   FROM   80NGO   MINE. 

In  this  mine  the  upper  bench  of  the  Big  seam  is  7^  to  9  feet  thick 
and  lis  separated  from  the  lower  bench  by  a  6  to  9  inch  shale  parting. 
The  lower  bench  is  about  12  feet  thick,  its  upper  9  feet  being  rela- 
tively free  from  shale.  At  only  one  point,  in  14  right  heading,  was 
the  lowest  3  feet  cut  into,  and  there  it  consisted  of  intercalated  shale 
and  ore.  Down  to  heading  28,  the  upper  9  feet  of  the  lower  bench 
has  been  cut  into  in  the  headings  and  the  ore  used  by  the  Woodward 
Iron  Co.,  which  works  this  mine,  in  its  own  furnaces;  but  the 
quality  is  such  that  the  ore  can  not  be  sold  in  the  open  market. 
Nearly  all  the  ore  mined  is  from  above  the  shale  parting. 

SAMPLE  23.   SONGO  MINE. 

Sample  23  was  taken  in  14  right  heading,  about  600  feet  from  the 
slope;  at  this  point  the  entire  lower  bench  is  exposed,  but  on  account 
of  the  lower  8  feet  being  shaly  only  the  upper  9  feet  were  sampled. 
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SAMPLE  24.   80NQ0  MINE. 


Sample  24  represents  the  upper  6  feet  of  the  lower  bench  in  12  left 
heading,  250  feet  from  the  slope. 
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FiouBK  29. — Besultg  of  tests  of  sample  23. 


B AMPLE  25.    SONOO  MINE. 


Sample  25  was  taken  from  the  upper  9  feet  of  the  lower  bench  in 
15  left-  heading,  300  feet  from  the  slope. 


1 


I 
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28-^  35-48  48-65  65-100  100-150 

FiQUBB  30. — Results  of  tests  of  sample  24. 
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SAKPLE  26.   80NGO  MII7E. 
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Sample  26  was  taken  from  the  upper  9  feet  of  the  lower  bench  of 
the  Big  seam  in  18  right  heading,  700  feet  from  the  slope. 


A    B        aO-38  »-96  86-48  48-«6  65-100         100-150         150-200        <200 

FiouRi  81. — ^Results  of  tests  of  sample  25. 

SAMPLE  27.   SONOO  MINE. 

Sample  27  was  taken  from  the  upper  9  feet  of  the  lower  bench  in 
19  left  heading,  300  feet  from  the  slope. 


A    B*    20-28 


28^  36-48      -     48-65  65-100  100-150 

FiGUBB  32. — Resalts  of  tests  of  sample  26. 
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Another  portion  of  the  sample  was  crushed  to  pass  85  mesh  and 
subjected  to  separation  tests,  with  the  results  given  on  page  29 

102081**— 17— BulL  no 5 
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The  concentrates  from  this  separation  analyzed  45.7  per  cent  Fe  and 
11.0  per  cent  SiOj,  with  a  ratio  of  concentration  of  1.79  and  an  iron 
recovery  of  68.5  per  cent.    Finer  crushing  consequently  produced  a 


A  B     ao-28 


28-35  85-48  48-«5  65-100  100-150 

FiouRB  83. — Results  of  tests  of  sample  27. 


150-200        <20O 


concentrate  2.2  per  cent  higher  in  iron  and  lower  in  silica,  but  reduced 
the  iron  recovery  from  83.2  to  68.5  per  cent.  The  proportion  of  tail- 
ings was  nearly  the  same  in  the  two  tests,  and  the  slimes  increased 
at  the  expense  of  the  concentrates. 


A  85-48  48-65  65-100  100-150        150-200         <200 

FiGUBi  84. — Results  of  tests  of  sample  27  under  85  mesh. 

SAMPLE  28.   SONGO  MINE. 

Sample  28  was  taken  from  the  upper  8  feet  of  the  lower  bench  of 
the  Big  seam  in  23  left  heading,  160  feet  from  the  slope. 


NOTES  ON  SAMPLES. 
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The  concentrates  and  tailings  of  each  mesh  size  were  analyzed  sepa- 
rately and  the  composition  of  the  entire  concentrates  and  tailings 
calculated  from  these  analyses,  which  are  given  in  the  table  below, 
with  the  calculated  composition  of  the  crude  ore  of  each  size. 

Composition  of  concentratcft  and  tailings  hy  mesh  sizes. 


. 

CoDoentrates. 

TaUingii. 

Crude. 

Total  iron  in— 

Sfxeofmesb. 

Fe. 

SiOa. 

Fe. 

SiO,. 

Fe. 

SiOs. 

Conoen- 
trates. 

Tafl- 
fngs. 

20  to  38 

Percent. 
41.5 
43.8 
44.6 
54.8 
49.6 
53.0 
54.4 

Percent. 

15.4 

12.4 

11.1 

9.9 

8.8 

7.7 

8.1 

Percent. 
8.3 
8.2 
8.1 
8.3 
7.9 
6.9 
7.1 

Percent. 
65.3 
62.6 
54.7 
46.8 
43.1 
42.9 
41.8 

Percent. 
31.9 
35.2 
87.3 
38.3 
38.7 
43.0 
45.3 
47.4 

Percent. 
29.9 
24.4 
19.9 
17.3 
16.2 
15.2 
14.6 
11.7 

Percent. 
92.4 
94.4 
95.6 
95.7 
05.6 
96.6 
97.0 

Percent. 
7.6 

28  to  35 

5.6 

35  to  48 

4.4 

48  to  65.... 

4.3 

65  to  100... 

4.4 

100  to  150 

3.4 

150  to  200. 

3.0 

200 

Mesh  sizes  larger  than  48  mesh  are  of  lower  grade  and  those 
smaller  than  48  mesh  are  of  higher  grade  than  the  original  ore, 
each  size  being  of  higher  grade  than  the  preceding.  Of  the  crude 
ore  sizes^only  the  slimes  are  better  than  the  concentrates,  but  the 
crude  150  to  200  mesh  ore  runs  better  than  the  concentrate  of  the 
20  to  28  mesh  size. 


A  B   20-28 


88-»     35-48     48-66    6&-100    100-150 

« 

PiGUBB  85. — Results  of  tests  of  sample  28. 


160-200        <200 


COMMENTS  OF  TtSTS  OF  ORE  FROM  80NG0  MINE. 

The  six  samples  from  the  lower  bench  show  a  uniformity  of  compo- 
sition almost  equal  to  that  of  the  Spaiilding  ore.  Hence  the  bed  at 
the  points  of  sampling  is  of  uniform  grade  chemically,  and  also,  as 
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shown  by  the  separation  tests,  physically.  Such  uniformity  of  char- 
acter indicates  that  in  actual  practice  there  would  probably  be  little 
deviation  from  these  results.  The  average  of  the  results  obtained 
with  the  six  samples  is  given  in  the  table  on  page  38. 

An  average  of  several  analyses  supplied  by  Mr.  A.  H.  Woodward 
of  lower  bench  Songo  ore  is  39.5  per  cent  Fe,  20  per  cent  insoluble, 
and  10.4  per  cent  CaO.  These  figures  indicate  that  the  samples 
tested  are  representative  of  the  ore.  The  slimes  practically  average 
the  same  as  the  concentrates,  therefore,  in  view  of  the  increased  iron 
recovery,  the  final  product  may  be  considered  as  concentrates  plus 
slimes.  Such  a  product  on  the  basis  of  4  tons  into  3,  will  give  an 
iron  recovery  of  94.3  per  cent,  and  be  6.6  per  cent  higher  in  iron,  8.7 
per  cent  lower  in  silica,  and  nearly  as  high  in  lime  as  the  crude  ore. 


20-28 


48-66 


e&'lQO        100-150         150-200        <200 


FiouBE  86. — Besalts  of  tests  of  sample  29. 


Compared  with  the  average  of  the  brown  ores  of  the  district  (p.  76), 
the  product  has  the  same  iron  content,  2  per  cent  less  silica,  and  a 
high  lime  content  to  offset  the  manganese  of  the  brown  ores.  On  the 
basis  of  its  chemical  composition  it  can  compete  with  those  ores. 


ORE  FROM  FOSSIL  MINE. 
SAMPLE   29.      FOSSIL  MINE. 


In  this  mine  the  upper  bench  only  of  the  Big  seam  is  worked. 
Sample  29  represents  the  upper  4  feet  of  the  lower  bench,  in  10  slope, 
24  left  heading,  100  feet  from  the  slope. 

Only  the  concentrates  were  analyzed,  and  they  carried  48  per 
cent  Fe  and  12.1  per  cent  SiOa-  Another  portion  of  the  same  sample 
was  crushed  to  pass  35  mesh  and  subjected  to  separation  tests,  with 
the  results  giv^  on  page  30. 
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As  the  composition  of  the  slimes  is  so  much  lower  than  that  of  the 
concentrates,  adding  the  slimes  to  the  concentrates  would  lower  the 
grade  of  the  final  product.  Yet  as  the  iron  recovery  would  be 
increased  and  the  resulting  product  would  still  be  slightly  higher 
in  iron  and  lower  in  silica  than  the  average  of  the  brown  ores,  the 
procedure  would  probably  be  found  practicable.  The  20  mesh  con- 
centrate is  practicaUy  as  good  as  the  35  mesh,  and  was  obtained  with 
a  ratio  of  concentration  of  1.40  as  against  1.71,  and  an  iron  recovery 
of  86.2  per  cent  as  against  71.1  per  cent.  There  seems  to  be  no 
advantage,  therefore,  in  crushing  this  ore  finer  than  20  mesh.  At 
least,  35  mesh  is  not  fine  enough  to  show  an  appreciable  advantage. 


A     B  8&-48  48-«5  6&-iOO         100-150         150-200  <2D0 

FiGUBB  37. — Results  of  tests  of  sample  29  under  85  mesh. 

SAMPLE   30.  FOSSIL  MINE. 

Sample  30  was  taken  in  10  slope,  31  left  heading,  125  feet  from 
the  slope.  The  lower  bench  here  is  a  little  more  than  8  feet  thick, 
and  the  sample  represents  the  upper  8  feet  of  it. 

SAMPLE   81.  FOSSIL   MINE. 

Sample  31  was  taken  at  31  heading  in  the  bottom  of  10  slope. 
At  that  place  the  parting  of  the  two  benches  comprises  two  J-inch 
bands  of  shale,  with  a  4-inch  layer  of  ore  between.  The  lower  bench 
is  9  feet  thick,  and  the  sample  represents  the  entire  thickness. 

SAMPLE  82.  FOSSIL   MINE. 

Sample  32  represents  the  entire  thickness  of  the  lower  bench  in 
9^  slope,  23  left  heading,  30  feet  from  the  slope. 
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SAMPLE  33.  FOSBIL   MINE. 


Sample  3r3  represents  the  whole  thickness  of  the  lower  bench,  on 
the  north  side  of  9  slope  between  headings  47  and  49. 


A  B     ao-28 


28-85  36-48  48-66  65-109  lM-150 

Figure  88. — ^Resnlts  of  tests  of  sample  80. 


160-aOO 
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The  concentrates  and  tailings  from  the  different  mesh  sizes  were 
analyzed  separately,  and  the  composition  of  the  concentrates  and 
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28-^  35-48  48-66  65-100         100-150 

Figure  80. — Besalts  of  tests  of  sample  31. 


150-200 
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tailings,  as  given  on  page  31,  was  calculated  from  these  analyses.    The 
calculated  composition  of  the  crude  ore  of  eaX^h  size  and  the  per- 
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centage  of  iron  that  went  into  the  concentrates  and  tailings  of  each 
are  given  in  the  accompanying  table. 


A   B     90^ 


28-86  35^18  48-66  65-100         100-150       150-200 

FiGUBB  40. — Besults  of  tests  of  sample  32. 
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Composition  of  coneentrates  and  tailings  by  mesh  sizes. 


Conoeiiitrates. 

TalUngR. 

erode. 

Total  Ircm  in— 

Slseofmesh. 

Fe. 

SiOa. 

Fe. 

SiO,. 

Fe. 

810s. 

Conoen- 
tratos. 

TaU- 
Ings. 

20  to  28 

Percent. 
42.4 
44.4 
44.3 
45.9 
48.3 
50.6 
54.9 

Percent. 

15.6 

12.7 

11.5 

9.9 

8.9 

8.6 

7.6 

Perceiu. 
8.2 
8.6 
8.5 
7.9 
8.0 
10.2 
10.4 

Percent. 
70.9 
63.3 
53.5 
41.9 
37.1 
80.9 
32.9 

Percent. 
32.1 
86.7 
87.4 
38.6 
39.9 
42.4 
44.7 
45.6 

Percent. 
32.3 
23.8 
19.7 
16.0 
14.8 
13.2 
13.3 
11.3 

Percent. 
92.3 
94.9 
95.6 
96.0 
95.8 
95.1 
94.7 

Percent. 
7.7 

28  to  85 

5.1 

85  to  48 

4.4 

48  to  66 ., 

65  to  100. 

4.0 
4.2 

100  to  150. 

4.9 

150  to  200. 

5.3 

20O 

In  this  sample  the  35  to  48  mesh  size  has  about  the  same  grade  as 
the  crude  ore,  and  the  coarser  sizes  are  poorer.  The  finer  sizes  im- 
prove in  quality  down  to  the  fines.  The  slimes  are  the  only  size  of 
the  crude  ore  that  runs  better  than  the  concentrates,  but  all  the  crude 
smaller  than  100  mesh  runs  better  than  the  concentrates  of  the  20  to 
28  mesh  size. 


SAMPLE  34.   FOSSIL  MII7E. 


Sample  34  represents  the  entire  lower  bench  in  8  slope  between 
headings  48  and  50. 
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COMMENTS  ON  TESTS  OF  ORE  FROM  FOSSIL  MINE. 

As  the  results  for  sample  29  were  obtained  by  crushing  the  ore  to 
pass  35  mesh,  and  those  for  the  rest  of  the  samples  by  crushing  to 


A  B    ao-28 
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FiauBE  41. — Results  of  tests  of  sample  83. 


160-200      <aoo 


pass  20  mesh,  they  are  omitted  in  considering  the  average  results 
(p.  39).    The  crude  ore  has  the  same  composition  as  the  other  five 
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28-35  85-48  48-65  65-100         100-150 

Figure  42. — Results  of  tests  of  sample  34. 
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samples,  and  the  better  products  doubtless  result  from  finer  cruising, 
although  the  concentrate  of  the  20-mesh  test  rims  a  little  higher  than 
the  concentrates  from  the  rest  of  the  samples. 
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An  average  of  eight  analyses  of  lower  bench  Fossil  ore  given  by 
Burchard  «  is  37.3  per  cent  Fe,  20.2  per  cent  SiOj,  3.3  per  cent  AI2O3, 
and  11.9  per  cent  CaO.  This  is  very  nearly  the  same  as  the  average 
of  samples  30  to  34,  as  given  in  Table  2  on  page  39.  The  individual 
samples  depart  little  from  the  average  and  show  the  uniformity  of 
results  that  characterizes  the  separation  tests.  The  ore  is,  therefore, 
shown  to  be  quite  uniform  in  chemical  composition  and  physical 
character  throughout  the  mine. 

As  the  grade  of  the  slimes  is  so  little  below  that  of  the  concen- 
trates, it  is  advantageous  to  consider  the  final  product  as  concentrates 
plus  slimes.  Then  a  concentration  in  the  ratio  of  4  tons  into  3  yields 
an  iron  recovery  of  94.8  per  cent  and  a  product  7.7  per  cent  higher  in 
iron,  8.6  per  cent  lower  in  silica,  and,  on  the  basis  of  the  one  analysis, 
only  2  per  cent  lower  in  lime.  Compared  with  the  average  of  the 
washed  brown  ores  of  the  district,  such  a  concentrate  would  be  0.3 
per  cent  richer  in  iron,  2.4  per  cent  lower  in  silica,  and  have  an 
appreciable  lime  content  to  offset  the  value  of  the  manganese  in  the 
brown  ore.  Hence,  on  the  basis  of  its  chemical  composition  it  should 
be  able  to  compete  favorably  with  those  ores. 

SXJMMABT  OF  COMMENTS  ON  TESTS  OF  LOWER  BENCH  BIO  SEAM  ORE. 

On  pages  50-71  are  given  the  results  of  tests  with  24  samples  of  ore 
from  the  lower  bench  of  the  Big  seam.  Sample  11  from  the  Ruffner 
mine  represents  very  low  grade  ore  and  its  wet  concentration  under 
present  conditions  does  not  seem  justifiable. 

The  remaining  23  samples  repres^it  ore  from  different  points  in 
four  important  mines.  Sample  29,  from  the  Fossil  mine,  was 
crushed  to  35  mesh,  and  the  complete  results  are  for  that  mesh  size  ; 
as  complete  results  for  other  samples  were  determined  with  the 
20-mesh  crushing,  sample  29  is  omitted  from  the  discussion  of  the 
average  results.  Finer  crushing  of  sample  29  had  little  effect,  how- 
ever, in.  improving  the  grade  of  the  concentrate,  as  the  20-mesh  con- 
centrate contained  only  0.1  per  cent  less  iron  and  0.4  per  cent  more 
silica  than  ore  crushed  to  pass  35  mesh,  and  the  iron  recovery  was  15 
per  cent  higher.  Hence  there  was  no  advantage  in  crushing  this  ore 
finer. 

The  average  of  the  results  obtained  with  the  remaining  22  samples 
is  given  in  the  accompanying  table.  The  column  marked  concen- 
trates included  the  concentrates  plus  slimes. 

"Barchard.  E.  F.,  and  Bntts,  Charles,  Iron  ores,  fuels,  and  fluxes  of  the  Birmingham 
district,  Alabama,  with  chapters  on  the  origin  of  the  ores,  by  B.  C.  Eckel:  U.  S.  GeoL 
Survey  Bull.  400»  1910,  pp.  88-84. 
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As  the  results  for  sample  29  were  (Stained  by  crushing  the  ore  to 
pass  35  mesh,  and  those  for  l^e  rest  of  the  samples  by  crushing  to 
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Average  rcnults  of  tests. 


Mine. 


Bpauldinga. 
mikooda^., 


Bongo  a. 

FossUfr 

Average  of  the  four  groups 

Average    oomposition    of    washed 
brown  ores 


Crude  ore. 


Concentrates. 


Fe. 


P.et. 
36.1 
37.1 
38.4 
37.6 
37.3 


SiOi. 


FM. 
26.8 
25.6 
21.2 
20.8 
23.6 


CaO. 


Fe. 


\ct. 
7.6 
8.0 

10.5 
9.6 
8.9 


P.ct, 
45.6 
45.6 
45.0 
45.3 
45.4 

45.0 


SiOs. 


P.et, 
13.1 
12.3 
12.5 
12.2 
12.5 

14.0 


CaO. 


PM. 

7.6 
7.7 
9.6 
7.0 
8.1 


Becov- 
eryof 
iron. 


P,et. 
83.3 
94.1 
94.3 
94.8 
94.1 


Ratio  of 
concen- 
tration. 


L87 
1.31 
1.30 
1.30 
1.32 


a  Average  of  six  samples.    &  Average  of  five  samples. 

As  the  results  from  the  22  samples  are  decidedly  uniform,  the  cal- 
culated average  in  the  table  may  be  safely  taken  as  representing  what 
one  may  expect  from  beneficiating  these  ores  under  the  conditions 
of  the  experiments.  The  final  product  obtained  by  concentrating 
4  tons  of  crude  ore  into  3,  with  an  iron  recovery  of  94.1  per  cent,  runs 
0.4  per  cent  higher  in  iron,  and  2.1  per  cent  lower  in  silica  than  the 
brown  ores,  and  has  a  considerable  lime  content  to  enhance  its  value. 


ORE  FBOK  THE  IRONDAL£  SEAM. 

Tfa%  Irondale  seam  is  of  most  value  along  the  northeastern  part  of 
Bed  Mountain,  from  Pilot  Knob  southwest  to  a  point  about  opposite 
Birmingham^  a  distance  of  about  10  miles.  Farther  southwest  the 
bed  becomes  poorer,  showing  interstratified  bands  of  low-grade  ore 
and  shale  or  losing  its  identity  entirely.  Burchard^  says  of  the 
grade  of  the  ore : 

^  Its  soft  ore,  now  nearly  aU  mined  out  either  by  surface  trenches  or 
drifts,  Is  the  best  of  the  district.  Its  hard  ore  Is  also  of  high  grade  and 
has  hitherto  been  for  the  most  part  held  In  reserve,  since  ore  could  be 
produced  from  the  thicker  Big  seam  at  a  lower  cost  per  unit  of  Iron. 

The  seam  lies  only  a  few  feet  below  the  Big  seam  and  has  a  thick- 
ness of  4  to  6  feet. 

Three  samples  from  this  seam  were  tested — two  from  the  Ruflfner 
mine  and  the  third  from  the  Hammond  mine — ^they  being  from  the 
middle  part  of  the  belt  within  which  the  seam  has  its  maximum 
value. 

SAMPLE  35.   BUFFNEB  MINE. 

Sample  35  represents  the  entire  thickness  of  the  Irondale  seam  in 
1  slope,  18  left  headijig,  650  feet  from  the  slope.  The  bed  here  is 
4  to  4J  feet  thick. 

•  Bvrchard,  E.  F.,  and  Butt8.  Charles,  Iron  ores,  fuels,  and  fluxes  of  the  Birmingham 
district,  Alabama,  with  chapters  on  the  origin  of  the  ores,  by  B.  C.  Eckel:  U.  S.  Oeol. 
Survey  Bull.  400,  1910,  p.  47. 
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SAMPLE   86.  BUFFNEB   MINE. 


Sample  36  represents  the  entire  thickness  of  the  Irondale  seam  in 
1  slope,  22  right  heading,  450  feet  from  the  slope*  The  seam  here 
is  4  feet  thick. 


A    B      aO-28  3»4t5  8(M8  48-66  65-100        100-160        160-»0  <2Q0 

FxeuBS  48. — ResmltB  of  tests  of  sample  85. 

SAMPLE  87.      HAMMOND  MINE. 

Sample  37  was  taken  in  the  slope  on  the  Irondale  seam  at  the  point 
where  it  is  cut  by  the  adit,  that  is,  about  550  feet  below  the  outcrop. 


A    B       20-28 


28-35  85-40  48-65  65-100         100-150 

FiouBB  44. — Results  of  tests  of  sample  36. 
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The  workable  part  of  the  bed  was  the  lower  S^  feet,  which  was  over- 
lain by  a  thin  layer  of  shale  and  8  to  9  inches  of  low-grade  ore  dis- 
carded in  mining. 
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COMMENTS  ON  TESTS  OF  ORE  FROM  IRONDALE  SEAM. 

Sample  37  is  slightly  better  quality  than  the  average  ore  of  the 
lower  bench  of  the  Big  seam.  All  three  samples  doubtless  represent 
hard  ore,  and  their  average  composition  is  38  per  cent  Fe  and  22.1 
per  cent  SiOj,  or  about  the  same  as  that  of  the  lower  bench  Big 
seam  ore.  The  concentrates  average  45.1  per  cent  Fe  and  14.2  per 
cent  SiOj,  and  hence  are  the  same  in  iron,  but  1.5  per  cent  higher  in 
silica  than  the  concentrates  from  the  lower  bench  of  the  Big  seam. 
A  product  composed  of  concentrates  plus  slimes  show  the  same  differ- 
ence. However,  the  ratio  of  concentration  averages  a  little  less  for 
the  Irondale  ores,  so  that  the  results  obtained  are  practically  the 
same  as  those  obtained  with  the  lower  bench  Big  seam  ores.    Hence 
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A    B       20-28 


28-35  35-48  48-^         65-100  100-150 

FiouBB  45. — Results  of  tests  of  sample  37. 
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the  tests  indicate  that  the  Irondale  ores  are  amenable  to  any  treat- 
ment that  might  prove  feasible  for  those  ores. 


ORE  FROM  THE  IDA  SEAM. 

The  following  description  of  the  Ida  seam  is  given  by  Burchard :  * 

This  bed  consists  of  2  to  6  feet  of  rather  siliceous  ore  associated  with  14 
to  16  feet-  of  ferruginous  sandstone.  ♦  *  *  Where  worlted,  the  bed  is 
8  to  5  feet  thick,  and  soft  ore  only  has  been  obtained  from  It  in  surface 
workings.  Such  ore  carries  35  to  44  per  cent  of  metaUlc  Iron,  with  a 
corresponding  range  in  silica  of  42  to  32  per  cent. 

Two  samples  from  this  seam  were  tested,  one  from  the  Euffner 
mine  and  the  other  from  the  Hammond. 


"  Barchard,  E.  F.,  and  Butts,  Charles,  Iron  ores,  fuels*  and  fluxes  of  the  Birmingham 
district,  Alabama,  with  chapters  on  the  origin  of  the  ores,  by  E.  C.  Eckel :  U.  S.  Geol. 
Survey  Bull.  400,  1910,  p.  46. 
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SAMPLE  38.      BUFFNEB  MINE. 


The  outcrop  of  the  Ida  seam  at  the  Ruffner  mine  is  5  feet  thick, 
and  the  sample  was  taken  at  the  face  of  an  old  open  cut  in  what  Mr. 
C.  E.  Barrett,  the  superintendent,  called  hard  ore. 


A   B      90-38 


28-35  86^tt  48-65  66>100        100-150 

FiouBX  46. — ResnltB  of  tests  of  sample  88. 

SAMPLE  39.   HAMMOND  MINE. 


i5o-»o      <aoo 


Sample  39  was  taken  from  the  outcrop  of  the  Ida  seam  along  the 
face  of  the  bed  at  the  outside  incline. 


A  B     ao-38 


»-^  35-48  48-«5  65*100        100-150 

Figure  47. — Results  of  tests  of  sample  30. 
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COMMENTS  ON   TESTS  OF  ORE. 

One  sample  represents  hard  ore,  the  other  soft  ore.    The  sample 
of  soft  ore  is  plainly  finer  grained  than  the  sample  of  hard  ore, 
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as  is  shown,  by  the  screen  analysis  curves  (figs.  46  and  47).  The 
sample  of  hard  ore.  (sample  38)  is  the  poorest  ore  tested,  carrying 
less  than  80  per  cent,  iron  and  more  than  40  per  cent  silica,  yet  it 
yielded  a  concentrate  carrying  47.5  per  cent  Fe  and  14.7  per  cent 
SiO,,  or  just  2  per  cent  more  iron  and  2  per  cent  less  silica  than  the 
average  of  the  concentrates  from  the  lower  bench  Big  seam  ore. 
This  result  would  indicate  that  the  siliceous  Ida  seam  ores  are  as 
amenable  to  concentration  as  that  ore. 

The  crude  sample  of  soft  ore  (sample  39)  runs  high  in  iron,  but 
its  silica  content  is  prohibitive.  The  concentrates  from  this  sample 
show  the  high  iron  content  obtained  only  in  soft  ore  concentrates, 
and  a  silica  content  well  within  the  allowable  limits  and  hence  they 
can  be  advantageously  used  in  the  blast  furnace. 

B£snM£  OF  BESTTLTS. 

^here  is  a  steady  market  in  the  Birmingham  district  for  two  types 
of  iron  ores — ^the  calcareous  hard  red  pres  and  the  siliceous  brown 
ores.  The  average  composition  of  the  hard  red  ores,  as  given  by 
Phillips,*  is  37  per  cent  Fe,  13.44  per  cent  SiO^,  16.20  per  cent  CaO. 
The  average  of  23  samples  of  washed  brown  ore,  as  given*  by 
Burchard,*  is  45  per  cent  Fe,  14.6  per  cent  SiOg,  0.74  per  cent  Mn. 
Also  there  is  available  a  limited  quantity  of  workable  soft  ore, 
having  an  average  composition^  according  to  Phillips,^  of  50.80  per 
cent  Fe,  18.50  per  cent  SiOa,  and  1.20  per  cent  CaO.  All  of  these  ores 
average  from  3  to  4  per  cent  Al^Os*  As  regards  their  smelting,  the 
soft  ores  are  in  the  same  class  as  the  brown  ores,  a  higher  iron 
content  being  offset  by  a  higher  silica  content.  The  hard  red  ores 
grade  by  decrease  of  lime  and  increase  of  silica  into  siliceous  ores, 
which,  on  account  of  their  low  iron  content,  can  not  compete  with 
the  brown  ores,  and  hence  are  unworkable  at  present.  Under  favor- 
able conditions,  hard  red  ores  of  the  average  iron  content  can  not 
be  worked  profitably  if  they  carry  about  8  per  cent  more  silica  than 
lime.  By  far  the  greater  part  of  the  red  ore  of  the  district  falls 
below  these  requirements,  and  hence  requires  concentration  to  become 
available.  As  the  concentrates  obtained  in  the  tests  described  herein 
are  themselves  siliceous  and  not  self-fluxing,  the  brown  ores  serve  as 
a  basis  for  determining  the  value  of  the  product  obtained  by  concen- 
tration.   Such  a  comparison  follows: 

Six  samples  of  Big  seam  upper-bench  ore  taken  underground  were 
tested.  Sample  4  from  the  Hammond  mine,  close  to  the  surface, 
represents  soft  ore  and  includes  the  lower  bench.    Its  concentrates 

•  Phillips,  W.  B.,  Iron  making:  In  Alabama,  3d  ed. :  G«oI.  Survey  of  Alabama,  1912,  p.  86. 
^Borchard,  E.  F.,  and  Butts,  Charles,  Iron  ores,  fuels,  and  fluxes  of  the  Birmlngfaam 
district,  Alabama  :  U.  S.  Geol.  Survey  Bull.  400,  1910,  p.  169. 
«  Phillips,  W.  B.,  work  cited,  p.  80. 
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ruB  51.7  per  cent  Fe  and  18.4  per  cent  SiO,;  in  other  words,  they 
equal  the  average  workable  soft  ore,  and  their  iron  content  is  more 
than  enough  to  carry  the  4  per  cent  excess  in  silica  as  compared  with* 
the  average  brown  ore.  The  crude  ore  is  unworkable,  with  silica  in 
excess  of  ir<»L 

Sample  1  from  the  Ishkooda  mine  is  a  workable,  self -fluxing  ore 
and  was  tested  in  order  to  ascertain  the  results  of  concentration.  The 
concentrate  is  self -fluxing  and  10  per  cent  hi^er  in  iron. 

Sample  2  and  3  from  the  Spaulding  mine  represent  upper  bench 
ores  that  are  workable  only  when  iron  is  in  good  d^nand.  Their 
concentrates  are  higher  in  iron  than  the  average  brown  ores  and, 
being  nearly  self-fluxing,  are  superior  to  those  ores. 

Two  samples  from  the  Buffner  mine,  samples  5  and  6,  represent 
extremely  poor  ore,  with  silica  in  excess  of  iron,  averaging  28.8  per 
cent  Fe  and  30.9  per  cent  SiOs*  The  concentrates  are  of  much  better 
quality,  averaging  40.5  per  cent  Fe  and  17.1  per  cent  SiOj,  but  are 
too  poor  to  be  marketable. 

These  experiments  show  that  the  unworkable  upper  bench  hema- 
tites of  the  Big  seam  will  yield  a  concentrate  of  greater  value  than 
the  brown  ores  unless  the  grade  of  the  crude  hematites  is  very  low. 

Four  samples  of  ore  were  taken  from  the  outcrop  of  the  Big  seam 
at  the  Frank  White  open  cut.  Two  of  these,  samples  7  and  8,  rep- 
resent the  upper  6  feet  of  the  seam  (all  that  was  worked)  but  are  so 
much  lower  in  iron  and  higher  in  silica  than  tiie  average  soft  ore  that 
this  part  of  the  bed  can  be  worked  only  when  the  iron  trade  is  un-. 
usually  active.  Concentration  yielded  a  high-grade  product,  carry- 
ing 53  per  cent  Fe  and  12.9  per  cent  SiOs-  The  middle  6  feet,  samptle 
9,  is  of  very  low  grade,  with  5  per  cent  more  silica  than  iron,  yet  the 
concentrate  is  only  a  little  poorer  than  the  average  soft  ore  mined. 
Sample  10,  from  the  lower  6  feet,  shows  about  the  same  composition 
as  tl^e  ore  from  the  upper  6  feet,  but  the  concentrate  was  poorer,  hav- 
ing about  the  composition  of  the  average  workable  soft  ore,  probably 
because  of  the  finer  grain.  The  entire  seam  averages  42.2  per  cent 
Fe  and  30.5  per  cent  SiOa,  and  the  concentrates  from  it  50.9  per  cent 
Fe  and  17.2  per  cent  SiOj.  Therefore,  concentration  at  this  mine 
could  make  a  product  of  slightly  better  grade  than  the  average  of  the 
soft  ores  out  of  an  18-foot  seam  of  ore,  of  which  only  the  upper  6  feet 
can  even  be  considered  as  available  in  its  crude  state. 

Twenty-four  samples  of  Big  seam  lower  bench  ore  were  tested,  of 
whidh  one,  sample  11  from  the  Ruffner  mine,  represents  an  extremely 
low-grade  ore  from  the  northeastern  part  of  the  district.  The  others 
represent  the  lower  bench  in  that  part  of  the  district,  where  the 
upper  bench  is  worked  extensively  and  the  lower  bench  is  left 
unmined. 
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The  sample  of  lower  bench  Ruffner  ore  is  slightly  poorer  than  the 
two  samples  of  the  upper  bench  ore  tested,  but  the  concentrate  runs  a 
little  better.  However,  the  concentrate  is  below  the  grade  of  the 
brown  ores,  and  hence  concentration  would  probably  be  unprofitable* 
The  23  samples  from  Bed  Mountain  between  the  Spaulding  and 
Fossil  mines  show  considerable  uniformity  in  composition  and  in  the 
results  of  concentration.  This  fact  tends  to.  emphasize  the  conclti- 
sions  that  can  be  based  on  the  tests.  The  samples  averaged  87.8  per 
cent  Fe,  23.6  per  cent  SiOg,  and  8.9  per  cent  CaO ;  that  is,  their  iron 
content  is  about  the  same  as  the  average  of  the  workable  upper  bench 
ores,  but  their  silica  content  is  10  per  cent  higher  and  their  lime 
content  is  more  than  7  per  cent  lower.  The  concentrates  obtained 
from  these  samples  contain  0.4  per  cent  more  iron  and  2  per  cent  less 
silica  than  the  brown  ores,  and,  in  addition,  have  a  lime  content  of 
8.1  per  cent.  Thus  concentration  yields  a  product  of  greater  value 
than  the  brown  ores.  These  results  are  the  more  encouraging  because 
they  were  obtained  with  an  iron  recovery  of  94.1  per  cent  and  a  con- 
centration of  4  tons  of  crude  ore  into  3  tons  of  final  product- 
Three  samples  of  ore  from  the  Irondale  seam  were  tested,  samples 
35  and  36  from  the  Ruffner  mine,  and  sample  37  from  the  Hammond 
mine.  The  average  iron  and  silica  contents  of  these  ores,  38  per  cent 
Fe  and  22.1  per  cent  SiOj,  is  about  the  same  as  those  of  the  lower 
bench  Big  seam  ores.  The  concentrates  ayerage  45.1  per  cent  Fe  and 
14.2  per  cent  SiOa,  a  little  higher  in  silica  than  the.  Big  seam  lower 
bench  concentrates,  but  still  as  good  as  the  brown  ores.  In  addition 
the  concentrates  doubtless  have  an  appreciable  lime  content  that 
would  increase  their  value.  On  the  whole,  then,  the  ores  tested  from 
the  Irondale  seam  have  about  the  same  composition  as  the  Big  seam 
lower  bench  ores  from  the  producing  part  of  the  district,  and  are 
approximately  as  amenable  to  concentration. 

Two  samples  of  Ida  seam  ore  were  tested,  one  being  hard  ore.  and 
the  other  soft.  Sample  37  from  the  Ruffner  mine  represents  a  poor 
hard  ore,  carrying  28.2  per  cent  Ffe  and  40.8  per  cent  SiOj.  The 
slimes  from  the  test  are  so  low  grade  that  mixing  them  with  the 
concentrates  appreciably  lowers  the  grade  of  the  product ;  discarding 
them  reduces  the  iron  recovery  to  only  77.8  per  cent,  but  the  concen- 
trate contains  47.5  per  cent  Fe  and  14.7  per  cent  SiOj,  and  is  as  low 
in  silica  as  the  average  brown  ore,  with  2.5  per  centmore  iron.  These 
results  indicate  that  the  ore  has  undergone'  partial  alteration  and  is 
to  be  classed  as  semihard.  The  soft  ore,  sample  39  from  the  Ham- 
mond mine,  is  too  poor  to  market  in  the  crude  state,  but  its  concen- 
trate had  the  same  silica  content  as  the  brown  ores  and  10  per  cent 
more  iron. 

With  but  few  exceptions,  then,  and  these  being  the  unusually  low- 
grade  material,  the  experiments  in  concentrating^  the  siliceous  re4 
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ores  have  yielded  final  products  that  would  have  a  value  in  excess  of 
that  possessed  by  the  brown  ores  of  the  district. 

The  experiments  above  are  based  on  crushing  the  ore  to  pass  20 
mesh,  probably  as  fine  as  would  be  practical.  In  order  to  determine, 
however,  the  degree  to  which  the  grade  of  the  concentrate  could  be 
raised  by  still  finer  crushing,  in  five  tests  part  of  the  ore  was  crushed 
to  pass  35  mesh,  and  the  concentrate  resulting  from  the  separation 
of  both  sizes  was  determined.  For  purposes  of  comparison  the 
results  are  tabulated  below. 

Results  of  finer  crushing. 


20-1116811  test. 

35-me8h  test. 

Rlimes. 

Sample. 

Coit- 

oen- 

trates. 

SUmes. 

Tail- 
ings. 

Iron. 

Silioa. 

COQ- 

oen- 
trates. 

Slimes. 

Tall- 
ings. 

Iron. 

Silica. 

Iron. 

Silica. 

6 

P.et. 
61.0 
83.3 
60.4 
68.2 
71.5 

P.et. 

10.9 

9.2 

9.4 

10.0 

11.3 

P.et. 
28.1 
87.5 
30.2 
21.8 
17.2 

P.eL 
42.5 
45.1 
42.3 
43.5 
48.0 

P.et. 
20.6 
13.5 
16.1 
13.2 
12.1 

P.et. 
41.0 
52.7 

47.6 
55.8 
58.4 

P.et. 
19.8 
21.4 
21.0 
21.1 
22.5 

P.et. 
89.2 
25.9 
31.4 
28.1 
19.1 

P.et. 
43.7 
45.3 
42.1 
45.7 
48.1 

P.et. 
16.7 
13.0 
13.3 
11.0 
11.7 

P.et. 
34.5 
44.3 
39.8 
44.0 
43.8 

P.ct. 
13.0 

14 

20 

14.9 
12.4 

27 

12.8 

29 

16.0 

Avenge.. 

64.9 

10.2 

25.0 

44.3 

15.1 

51.1 

21.2 

27.7 

45.0 

13.1 

These  results  show  a  very  small  average -increase  in  iron  in  the 
finer  concentrates  and  a  2  per  cent*  decrease  in  silica.  The  amount 
of  the  tailings  increased  only  a  little,  the  change  being  almost 
entirely  in  the  amount  of  the  slimes  at  the  expense  of  the  concen- 
trates. In  the  table  the  first  and  last  slime  analyses  are  of  the  35- 
mesh  slimes  and  the  other  three  of  the  20-mesh  slimes.  Thus  in- 
creased sliming  lowers  the  average  grade  of  the  slimes.  If  the  slimes 
and  concentrates  are  mixed  to  form  a  final  product  with  as  high  iron 
recovery  as  for  the  similar  product  from  the  20-mesh  crushing,  the 
grade  of  it  will  be  but'  little  if  any  higher  and  there  will  be  no  increase 
in  grade  of  the  final  product  to  compensate  for  the  finer  crushing. 
Hence,  20-mesh  crushing  is  fine  enough  to  produce  an  adequate  freeing 
of  the  constituent  ore  particles  to  yield  an  efficient  separation. 

In  the  above  summary,  except  where  otherwise  indicated,  the  final 
product  of  concentration  is  considered  to  be  the  combined  concentrate 
and  slimes.  The  average  composition  of  all  the  concentrates  is  46.4 
per  cent  Fe  and  13.4  per  cent  SiOj,  and  that  of  all  the  slimes  is 
44.7  per  cent  Fe  and  13.5  per  cent  SiOj.  Of  the  total  iron  in  the 
crude  ore,  that  in  the  concentrates  averages  80.6  per  cent  and  that 
in  the  slimes  13.1  per  cent.  The  average  quantity  of  concentrates 
is  63.3  per  cent,  and  that  of  slimes  is  10.6  per  cent.  Consequently, 
if  the  slimes  are  added  to  the  concentrates,  the  average  composition 
of  the  final  product  will  be  46.2  per  cent  Fe  and  13.4  per  cent  SiO^; 
in  other  words,  this  procedure  does  not  change  the  silica  content 
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and  lowers  the  iron  content  only  0.2  per  cent,  out  the  average  iron 
recovery  is  raised  13.1  per  cent,  or  from  80.6  per  cent  to  93.7  per 
cent.  The  advantages  of  mixing  these  two  products  in  raising  the 
iron  recovery  and  eliminating  the  need  of  slime  treatment  are 
obvious. 

That  crushing  alone  brings  about  a  concentration  of  the  iron  in 
the  finer  sizes  and  a  concentration  of  the  silica  in  the  coarser  sizes 
is  strikingly  shown,  the  slimes  (less  than  200  mesh)  from  the  crude 
ore  being  of  practically  the  same  composition  as  the  concentrates 
from  the  sizes  coarser  than  200  mesh.  In  order  to  ^ow  this  tendency 
in  more  detail  the  concentrates  and  tailings  of  each  mesh  size  of 
five  samples  were  analyzed,  and  from  these  analyses  the  composition 
of  the  crude  ore  of  each  of  these  sizes  was  calculated.  The  results 
are  tabulated  below. 

Increase  of  iron  in  the  slimes. 


Sample  3. 

Sample  8. 

Sample  10. 

Sample  19. 

Sample  39. 

Average. 

Fe. 

SiOf. 

Fe. 

SiOs. 

Fe. 

8!0>. 

Fe. 

SlOt. 

Fe. 

SiOt. 

Fe. 

SiOf. 

P.ct. 

P.ct. 

P.Cf. 

P.ct. 

P.ct. 

P.ct. 

P.ct, 

P.ct, 

P.ct. 

P.ct. 

P.ct. 

P.d, 

Crude  ore...... 

32.4 

29.3 

35J) 

27.0 

85.7 

15.0 

88.4 

20.2 

39.5 

19.3 

36.4 

22.2 

20  to  28 

28.8 

40.1 

29.4 

38.5 

32.5 

20.5 

32.1 

32.3 

31.9 

29.9 

30.9 

32.3 

28  to  35 

29.6 

33.1 

32.2 

33.0 

36.1 

15.9 

36.6 

23.8 

35.2 

24.4 

33.9 

26.0 

35  to  48 

31.8 

24.7 

86.1 

24.0 

37.1 

14.0 

37.4 

19.7 

37.3 

19.9 

35.9 

20.5 

48  to  65 

32.5 

20.1 

39.5 

19.3 

35.0 

12.4 

38.6 

16.0 

38.3 

17.3 

36.8 

17.0 

65  to  100 

33.9 

18.3 

40.9 

18.7 

35.3 

12.2 

39.9 

14.8 

38.7 

16.2 

37.7 

16.0 

100  to  150 

36.3 

16.7 

43.5 

10.4 

38.4 

10.9 

42.3 

13.2 

43.0 

15.2 

40.7 

14.6 

150  to  200 

43.3 

12.7 

45.1 

16.0 

42.3 

9.7 

44.7 

13.3 

45.3 

14.6 

44.1 

13.8 

200 

39.8 
42.3 

12.7 
16.1 

46.1 
45.5 

14.0 
11.9 

40.0 
46.2 

8.9 
7.9 

45.5 
45.3 

11.3 
12.0 

47.4 
45.3 

11.7 
11.8 

43.8 
44.9 

11.7 

CoDoentrate 

11.9 

This  table  shows  that  the  two  coarsest  sizes,  20  to  28  mesh  and 
28  to  35  mesh,  are  of  lower  grade  than  the  crude  ore,  whereas  the 
finer  sizes  are  of  increasingly  higher  grade. 


PRACTICAL  VALUE  OP  THE  EXPEBIMENTS. 

The  bearing  of  the  results  of  these  experiments  on  probable  results 
of  concentration  on  a  commercial  scale  by  wet  methods  or  with  mag- 
netic separation  will  now  be  considered.  The  author  knows  that  the 
method  of  concentration  he  used  is  not  feasible  on  a  commercial  scale, 
and  its  efficiency  of  separation  is  not  obtainable  in  a  commercial 
plant.  The  experiments  were  made  to  determine  the  degree  to 
which  the  silica  might  be  separated  from  the  iron — ^that  is,  granted 
a  perfect  separation  of  the  mineral  particles,  what  is  the  result  ? 

If  this  result  indicates  that  concentration  is  feasible,  the  devising 
of  a  commercial  method  of  separation  would  be  encouraged.  If,  on 
the  other  hand,  a  perfect  separation  of  the  mineral  particles  does  not 
yield  a  marketable  product  of  suificient  value,  there  is  no  use  work- 
ing at  separation  on  a  commercial  scale.    The  results  obtained  in  the 
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experiments  have  demonstrated  that,  so  far  as  the  experiments  go,  a 
solution  of  the  problem  is  possible. 

Besults  obtained  in  the  application  of  the  Moxham-du  Pont  haloid 
process  to  the  concentration  of  low-grade  iron  ores  open  the  possi- 
bility of  the  commercial  application  of  the  method  used  in  this  in- 
vestigation and  may  render  the  results  of  these  experiments  directly 
applicable.  But  while  this  process  is  in  the  experimental  stage,  it 
will  be  better  to  consider  the  bearing  of  these  results  on  separation 
by  ordinary  wet  methods  or  by  magnetic  methods. 

Wet  methods  of  separation  are  based  essentially  oil  the  differences 
in  specific  gravity  of  the  mineral  components  of  an  ore.  In  the 
author^s  experiments  the  ores  were  crushed  to  pass  20  mesh,  a  fineness 
that  is  not  at  all  unusual  in  ore  mills.  As  the  iron  oxide  in  the  ore 
tested  is  much  softer  than  the  silica  that  is  to  be  removed,  crushing 
causes  an  increase  of  iron  in  the  finer  sizes.  So  marked  is  this  con- 
centration of  the  iron  that  the  crude  material  passing  through  200 
mesh  has  practically  the  same  iron  content  as  that  obtained  by  con- 
centrating the  material  coarser  than  200  mesh.  This  fact  is  of  great 
importance  as  it  eliminates  the  slime  problem  in  the  use  of  wet 
methods.  The  material  finer  than  200  mesh  may  be  separated  by 
washing  immediately  after  crushing,  allowed  to  settle,  and  then  added 
to  the  concentrate  obtained  from  the  rest  of  the  material.  The  con- 
centrates obtained  with  the  same  ratio  of  concentration  will  not  be 
of  as  high  grade  as  those  made  in  the  experiments  because  of  less 
complete  separation,  but  this  difficulty  could  be  met  by  increasing  the 
ratio  of  concentration  a  little,  thus  raising  the  grade  of  the  concen- 
trate and  lowering  the  iron  recovery.  As  the  concentrates  from  the 
tests  of  lower  bendh  ores  of  the  Big  seam,  for  example,  represented 
an  iron  recovery  of  94.1  per  cent,  it  is  evident  that  a  little  lowering  of 
the  iron  recovery  to  meet  the  decreased  efficiency  of  commercial  work 
would  still  permit  a  good  recovery  and  give  a  concentrate  of  high 
enough  grade.  Hence  there  seems  to  be  no  reason  to  doubt  the  pos- 
sibility of  obtaining  equally  good  concentrates,  although  with  a  lower 
icon  recovery,  on  a  commercial  scale  by  wet  methods. 

Equally  favorable  conclusions  can  be  drawn  in  regard  to  the  results 
that  may  reasonably  be  expected  from  applying  magnetic  separation 
to  remove  the  more  magnetic  particles  of  the  crushed  ore,  as  in  an 
ore  similar  to  that  under  discussion  the  more  magnetic  particles  are 
those  high  in  iron  and  low  in  silica.  In  other  words,  the  magnetic 
susceptibility  is  determined  by  the  same  factors  as  the  specific  gravity 
and  is  a  linear  function  of  the  latter.  Consequently,  crushing  frees 
the  ore  particles  for  jnagnetic  separation  to  exactly  the  same  degree 
as  for  specific  gravity  separation.  Therefore  a  perfect  magnetic 
separation  should  yield  results  identical  with  those  obtained  by  a 
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perfect  specific  gravity  separation.  But  in  ordinary  practice  a  per- 
fect magnetic  separation  is  no  more  obtainable  than  a  perfect  gravity 
separation.  In  either  case  the  grade  of  the  final  product  can  be  main- 
tained by  increasing  the  ratio  of  concentration  a  little  at  the  expense 
of  the  iron  recovery.  As  stated  above,  in  the  author's  concentration 
experiments  iron  recovery  was  so  high  that  a  small  decrease  in  it 
would  not  be  prohibitive. 

The  experiments  have,  consequently,  demonstrated  the  possibility 
of  producing  from  ores  now  valueless  and  being  permanently  lost  by 
present  mining  methods  a  marketable  product.  Also,  it  is  probable 
that  as  good  results  can  be  obtained  commercially  by  any  of  the  usual 
methods  of  ore  treatment  if  the  decrease  of  efficiency  is  compensated 
by  increasing  the  ratio  of  concentration. 

COMMEBCIAL  ASPECTS  OF  THE  PBOBLEK.  . 

As  the  tests  indicate  that  concentrates  of  higher  grade  than  the 
best  of  the  ores  now  available  in  the  Birmingham  district  can  be  ob- 
tained from  the  siliceous  ores  of  the  district,  the  question  remains 
whether  concentration  would  be  profitable.  The  answer  requires  the 
determination  of  two  things — ^first,  the  cost  of  crushing,  concentrat- 
ing, and  nodulizing  the  concentrates;  second,  the  value  of  the  con- 
centrates as  compared  with  the  crude  ore.  The  author  does  not  have 
the  necessary  data  and  does  not  consider  himself  competent  to  supply 
such  figures,  for  they  should  be  based  on  experience  with  concen- 
tration on  a  large  scale  and  on  familiarity  with  mining  costs  and  the 
price  of  ore  in  the  district  However,  some  general  suggestions  are 
offered. 

Beneficiation  of  low-grade  iron  ores  is  widely  practiced ;  it  includes 
magnetic  separation  and  nodulizing  of  low-grade  magnetites.  Mag- 
netic concentration  of  the  siliceous  red  hematites  would  involve 
higher  treatment  cost  than  for  magnetites  because,  generally  speak- 
ing, finer  crushing  would  be  needed.  On  the  other  hand,  these  ores 
can  be  mined  cheaper  than  many  magnetites  thus  treated.  Gravity 
methods  of  wet  concentration  for  low-grade  iron  ores  have  been  suc- 
cessfully used  on  a  large  scale  in  the  Lake  Superior  region,  and  have 
made  available  great  quantities  of  ore  that  are  too  low  in  grade  to^ 
be  shipped  crude.'  Hence  it  is  reasonable  to  presume  that  the  costs 
of  treatment  would  not  necessarily  be  prohibitive. 

The  margin  allowable  for  treatment  costs  can  be  determined  more 
nearly.  During  the  years  1910  to  1915  the  red  ores  and  the  brown 
ores  of  the  district  showed  the  following  range  in  prices,  according 
to  the  United  States'  Geological  Survey:" 

o  Figures  for  1910  and  1911  from  Mineral  Resources  of  the  United  States  for  1911, 
Part  1,  p.  130.  Figures  for  1912  and  1913  from  Mineral  Resources  of  the  United  States 
for  1918,  Part  I,  p.  806.  Figures  for  1914  and  1915  are  from  Mineral  Resources  of  the 
United  States  for  1915,  Part  1,  p.  291. 
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Prices  of  red  and  hroum  ores  of  Birmingham  district 


1910 

1911 

1912 

1913 

1914 

1915 

Average. 

Red  ores 

SI.  19 
1.53 

SI.  17 
1.47 

SI.  16 
1.43 

SI.  18 
1.61 

SI.  21 
1.49 

SI.  25 
1.68 

SI.  19 

Brown  ores 

L64 

During  these  six  years  the  average  price  of  the  brown  ores  was  35 
cents  in  excess  of  that  of  the  red  ores.  It  has  been  seen  that  the  value 
of  the  concentrates  would  exceed  that  of  the  brown  ores,  and  the  cost 
of  mining  the  lower  bench  ores  in  mines  working  the  upper  bench 
ought  to  be  less  than  the  present  cost  of  mining  the  upper  bench 
alone.  Therefore,  the  margin  allowable  for  treatment  should  be  in 
excess  of  35  cents.  How  much  larger  it  might  be  can  be  determined 
by  those  having  complete  data  on  mining  costs  and  the  value  of  the 
ores  as  determined  by  chemical  composition. 

That  one  must  guard  against  assuming  too  low  a  cost  for  mining 
lower  bench  as  compared  with  upper  bench  ores  is  pointed  out  by 
Burchard,  who  says :  * 

To  recover  the  lower  ore  at  present  would,  however,  introduce  serious  com- 
plications in  mining.  At  the  Tennessee  company's  mines  the  slopes  are^  cut 
in  the  lower  bench  of  the  seam  about  8  feet  below  the  working  level  of  the 
headings,  so  that  tramcars  of  ore  may  be  dumped  over  the  tipple  into  the 
skip  in  the  slope.  If  the  lower  bench  of  ore  were  mined  also,  the  slopes 
would  have  to  be  depressed  8  feet  below  the  bottom  of  this  bench  in  order 
to  accommodate  skip  haulage.  This  would  necessitate  maintaining  for  some 
distance  a  slope  height  of  25  to  28  feet,  which  would  be  excessive  and  would 
Involve  deepening  and  retimbering  the  present  slopes.  Beyond  the  present 
faces  the  slopes  might  be  driven  below  the  parting,  leaving  the  upper  bench 
above  the  slope.  The  matter  of  setting  props  to  support  the  roof  in  the 
workings  where  18  to  20  feet  of  ore  are  taken  out  would  also  prove  incon- 
venient. 

In  slopes  where  tram  haulage  is  employed  the  problem  is  simpler,  since  it 
Is  not  necessary  to  depress  the  slope  below  the  bottom  of  the  ore  that  is 
being  mined.  Part  of  the  ore  from  the  lower  bench  can  be  obtained  in  either 
case  by  cutting  the  floors  of  the  rooms  lower.  By  this  method,  however, 
the  floors  become  too  flat  to  permit  the  ore  to  be  shot  down  to  the  cars,  and 
the  expense  of  moving  it  is  thereby  increased. 

BiVidently  the  problem  is  discoi;raging  in  view  of  present  costs  and  con- 
ditions, but  if  for  every  ton  of  ore  mined  from  the  lower  bench  nearly  a  ton 
of  ore  in  the  upper  bench  might  be  saved  for  future  use,  it  would  seem  worth 
while  to  carry  the  investigation  as  far. as  possible,  even  to  the  extent  of 
equipping  one  sHope  to  mine  the  whole  seam  on  a  scale  that  would  enable 
the  relative  costs  to  be  compared  on  a  working  basis. 

In  spite  of  such  difficulties  there  certainly  ought  to  be  a  margin 

in  favor  of  the  lower  bench  ore.    As  those  ores  are  not  utilized  at 

— ^  ■  II, 

•Borcliard,  £L  F.,  and  Butts,  Charles,  Iron  ores,  fuels,  and  fluxes  of  the  Birmingbam 
district,  Ala. :  U.  S.  Qeol.  Snrvey  Bull.  400,  1910,  pp.  124,  120. 
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present  and  are  being  destroyed  as  reserves,  and  as  the  mines  are 
now  equipped  for  mining  the  upper  bench  ore,  none  of  the  charges 
now  assumed  by  the  upper  bench  ore  should  be  distributed  between 
it  and  the  cost  of  producing  the  lower  bench  ore.  The  cost  of  mining 
both  ores  should  be  determined,  and  then  from  that  cost  should  be 
subtracted  the  present  cost  of  mining  the  upper  bench  ore.  The 
difference  is  all  that  should  fairly  be  charged  against  the  lower  bench 
costs  and  would  certainly  be  less  than  the  present  figures  for  the 
upper  bench  ores.  The  difference  would  be  applicable  to  meeting 
concentration  chargea  Moreover,  a  decidedly  important  consider- 
ation would  be  the  doubling  of  the  ore  reserves. 

From  this  consideration  of  the  factors  involved,  it  seems  reason- 
able to  assume  that  the  margin  allowable  for  meeting  concentration 
charges  is  considerably  more  than  35  cents. 


PTTBUCATIONS  ON  MINEBAL  TECHNOLOGY. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  interest 
to  them.  Requests  for  publications  should  be  addressed  to  the  Direc- 
tor, Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution  as  well  as  those  ol>tainable  only  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  on  pay- 
ment of  the  price  of  printing.  Interested  persons  should  apply  to 
the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list- 

ptJBiiicATiONS  availabij:  for  free  distribution. 

BtTxxxnN  64.  The  tttanlf^rous  iron  ores  In  the  Unlt^  States ;  their  compost' 
tion  and  economic  value,  by  J.  T.  Singewald,  Jr.    1918.    145  pp.,  16  pl&,  3  figs. 

Bulletin  70.  A  preliminary  report  on  uranium,  radium,  and  vanadium,  by 
R  B.  Moore  and  K.  L.  Klthil,    1918.    100  pp.,  2  pis.,  2  figs.  - 

BuLLBTiN  73.  Brass  furnace  practice  In  the  United  States,  by  H.  W.  GlUett. 
1814.    298  pp.,  2  pis.,  23  figs. 

Bulletin  84.  Metallurgical  smoke,  by  C.  H.  Fulton.  1915.  94  pp.,  6  pis., 
15  figs. 

Bulletin  85.  Analyses  of  mine  and  car  samples  of  coal  collected  in  the  fiscal 
years  1911  to  1913,  by  A.  C.  Fleldner,  H.  I.  Smith,  A.  H.  Pay,  and  Samuel  San- 
ford.    1914.    444  pp.,  2  figs. 

Bulletin  92.  Feldspars  of  the  New  England  and -Northern  Appalachian 
States,  by  A.  S.  Watts.    1916.    180  pp.,  3  pis.,  22  figs. 

Bulletin  103.  Mining  and  concentration  of  camotite  ores,  by  K.  T.  Klthll  and 
J.  A.  Davis.    1917.    89  pp.,  14  pis.,  5  figs. 

Bulletin  104  Extraction  and  recovery  of  radium,  uranium,  and  vanadium 
from  camotite,  by  C.  L.  Parsons,  R.  B.  Moore,  S.  C.  Lind,  and  O.  C.  Schaefer. 
1915.    124  pp.,  14  pis.,  9  figs. 

Bulletin  106.  The  technology  of  marble  quarrying,  by  Oliver  Bowles.  1916. 
174  pp.,  12  pis.,  33  figs. 

Bulletin  124.  Sandstone  quarrying  in  the  United  States,  by  Oliver  Bovrles. 
1917.    143  pp.,  6  pis.,  19  figs. 

Bulletin  128.  Refining  and  utilization  of  Georgia  kaolins,  by  I.  fi.  Sproat. 
1916w    55  pp.,  5  pis.,  11  figs. 

BtTlletin  146.  Technology  of  salt  making  In  the  United  States,  by  W.  C. 
Phalen.    1917.    149  pp.,  24  pis.,  10  figs. 

Technical  Paper  8.  Methods  of  analyzing  coal  and  coke,  by  F.  M.  Stanton 
and  A.  C.  Fleldner.    1913.    42  pp.,  12  figs. 

Technical  Pafbb  50.  Metallurgical  coke,  by  A.  W.  Belden.  1913.  48  pp., 
1  pi.,  28  figs. 

85 


86  CONCENTRATION  OP  SILICEOUS  HEMATITE. 

Technical  Paper  76.  Notes  on  the  fiampllng  and  analysis  of  coal,  by  A.  C. 
Fieldner.    1914.    59  pp.,  6  figs. 

Technical  Paper  95.  Mining  and  milling  of  lead  and  zinc  ores  In  the  Wis- 
consin district,  Wisconsin,  by  C.  A.  Wright.    1915.    89  pp.,  2  pis.,  5  figs. 

Technical  Paper  102.  Health  conservation  at  steel  mills,  by  J.  A.  Watklns. 
1916.    36  pp. 

Technical  Paper  110.  Monazlte,  thorium,  find  mesothorlum^  by  K.  L.  Klthll. 

1915.  32  pp.,  1  fig.  -- 

Technical  Paper  111.  Safety  in  stone  quarrying,  by  Oliver  Bowles.  1915. 
48  pp.,  5  pis.,  4  figs. 

Technical  Paper  126.  The  casting  of  clay  wares,  by  T.  6.  McDougal.  1916. 
26  pp.,  6  figs. 

Technical  Paper  133.  Directions  for  sampling  coal  for  shipment  or  delivery, 
by  G.  S.  Pope.    1917.    15  pp. 

Technical  Paper  136.  Safe  practice  at  blast  furnaces,  by  F.  H.  WlUcox. 

1916.  73  pp.,  1  pi.,  43  figs.  ^ 

Technical  Paper  143.  Ores  of  copper,  lead,  gold«  anl  silver,  by  G.  H.  Fulton. 
1916.    41  pp. 

Technical  Paper  155.  Gypsum  products,  their  preparation  and  uses,  by  R.  W. 
Stone.    1917.    67  pp.,  9  pis.,  10  figs. 

Technical  Paper  177.  Preparation  of  ferro-uranium,  by  H.  W.  Glllett  and 
E.  L.  Macls.    1917.    46  pp.,  2  figs. 

PTTBUGATIONS  THAT   MAT  BE  OBTAINED  ONLY  THROUGH   THE    SUFBRIN- 

TENDBNT  OF  DOCUMENTS. 

Bulletin  11.  Th^  purchase  of  coal  by  the  Government  under  specifications, 
with  analyses  of  coal  delivered  for  the  fiscal  year  1908-9,  by  G.  S.  Pope.  80  pp. 
10  cents. 

Bulletin  12.  Apparatus  and  methods  for  the  sampling  and  analysis  of  fur- 
nace gases,  by  J.  0.  W.  Frazer  and  E.  J.  Hoffman.  1911.  22  pp.,  6  figs.  5 
cents. 

Bulletin  22.  Analyses  of  coals  In  the  United  States,  with  descriptions  of 
mine  and  field  samples  collected  between  July  1,  1904,  anl  June  30,  1910,  by 
N.  W.  Lord,  with  chapters  by  J.  A.  Holmes,  F.  M.  Stanton,  A.  C.  Fieldner,  and 
Samuel  Sanford.  1912.  Part  I,  Analyses,  pp.  1-321;  Part  II,  Descriptions  of 
samples,  pp.  321-1129.    85  cents. 

Bitlletin  29.  The  effect  of  oxygen  In  coal,  by  David  White.  80  pp.,  8  pis. 
20  cents. 

Bulletin  41.  Government  coal  purchases  under  specifications,  with  analyses 
for  the  fiscal  year  1909-10,  by  G.  S.  Pope,  with  a  chapter  on  the  fuel-Inspection 
laboratory  of  the  Bureau  of  Mines,  by  J.  D.  I>avis.  1912.  97  pp.,  8  pis.,  9  figs. 
15  cents. 

Bulletin  42.  The  sampling  and  examination  of  mine  gases  and  natural  gas, 
by  G.  A.  BurreU  and  F.  M.  Seibert.    1913.    116  pp.,  2  pis..  23  figs.    20  cents. 

Bulletin  47.  Notes  on  mineral  wastes,  by  G.  L.  Parsons.  1912.  44  pp.  5 
cents. 

Bulletin  53.  Mining  and  treatment  of  feldspar  and  kaolin  In  the  Southern 
Appalachian  region,  by  A.  S.  Watts.    1913.    170  pp.,  16  pis.,  12  figs.    35  cents. 

Bulletin  63.  Sampling  coal  deliveries  and  types  of  Government  specifications 
for  the  purchase  of  coal,  by  G.  S.  Pope.    1913.    68  pp.,  4  pis.,  3  figs.    10  cents. 

Bulletin  71.  Fuller's  earth,  by  C.  L.  Parsons.    1913.    38  pp.     5  cents. 

Bulletin  81.  The  smelting  of  copper  ores  in  the  electric  furnace^  by  D.  A. 
Lyon  and  R.  M.  Keeney.    1915.    80  pp.,  6  figs.    10  cents. 


PUBUCATIONS  ON   MINERAL  TECHNOLOGY.  87 

Bulletin  106.  Melting  aluminum  chips,  by  H.  W.  GiUett  and  G.  M.  James. 
1916.    88  pp.    10  cents. 

BxTLLETiN  111.  Molybdenum ;  Its  ores  and  their  concentration,  with  a  dis- 
cussion of  market,  prices,  and  uses,  by  F.  W.  Horton.  1916.  132  pp.,  18  pis., 
2  figs.    30  cents. 

Bulletin  122.  The  principles  and  practice  of  sampling  metallic  metallurgical 
materials,  with  special  reference  to  the  sampling  of  copper  bullion,  by  Eklward 
KeUer.    1916.    101  pp.,  13  pis.,  31  figs.    20  cents. 

Technical  Paper  41.  The  mining  and  treatment  of  lead  and  zinc  ores  in  the 
Joplin  district.  Mo.,  a  preliminary  report,  by  O.  A.  Wright.  1913.  43  pp.,  5 
figs.    5  cents. 

Technical  Papeb  60.  The  approximate  melting  points  of  some  commercial 
copper  alloys,  by  H.  W.  Gillett  and  A.  B.  Norton.    1913.    10  pp.,  1  fig.  5  cents. 

Technical  Paper  88.  The  radium-uranium  ratio  in  camotites,  by  S.  C.  Lind 
and  0.  F.  Whittemore.    1915.    29  pp.,  1  pi.,  4  figs.    5  cents. 

Technical  Paper  90.  Metallurgical  treatment  of  the  low-grade  and  complex 
ores  of  Utah,  a  preliminary  report,  by  D.  A.  Lyon,  B.  H.  Bradford,  S.  S. 
Arentz,  O.  C.  Ralston,  and  C.  L.  Larson.    1915.    40  pp.    5  cents. 

Technical  Paper  93.  Graphic  studies  of  ultimate  analyses  of  coals,  by  O.  C. 
Ralston,  with  a  preface  by  H.  C.  Porter.    1915.    41  pp.,  3  pis.,  6  figs.    10  cents. 

Technical  Paper  109.  Composition  of  the  natural  gas  used  in  25  cities,  with 
a  discussion  of  the  properties  of  natural  gas,  by  G.  A.  Burrell  and  G.  G.  Oberfell. 
1915.    22  pp.    5  cents. 


INDEX. 


A.  Page. 

Alabama,  Iron  ores  in 8-9 

Alumina,     percentage     of,     in 

brown   ore 57 

In  hematite  ores_  9-10,17,76 
Analyses,    average,    of    brown 

ores 5^-57,72,76 

Of   concentrates 41,52,58, 

65, 69, 72 

Of  red  hematite  ores 10 

17, 41, 52, 72 
Of  tailings 41. 52, 58, 65, 69, 72 

B. 

Bessemer,  Ala.,  ore  near,  compo- 
sition of 17 

Big  seam,  description  of 10-11, 16 

Ore  in,  character  of 17 

Ore  from,  average  analyses 

of 10, 17, 72 

Concentrates  from,  value 

of 77 

Ck)ncentration  tests  of _. 45-72 

Comments   on 71-72 

Crushing  of,  effect  of._        71 

Description  of 45-46 

Brown   ores,    average   analyses 

of 56-57, 74  76 

Comparison  with  red  ores.  61, 66- 

67, 76, 78, 79 

Composition  of 73 

■   Prices   of 83 

Bnrchard,  E.  R.,  work  of 8, 13, 16 

Butts,  Charles,  work  of 7 

C. 

Carbonic  acid,  percentage  of,  in 

"hard  ore" 17 

Clark,  W.  B.,-  acknowledgment 

to 8 

Clinton  ores,  treatment  of 11, 14 


Concentrates,  ore,  analyses  of.  41,52, 

58, 65, 69,  72 

Composition   of 83,34, 

85, 36, 37, 38, 39 

Self-fluxing  character  of 13 

Concentration  of  bomatite  ores, 

profit  in 82, 83 

Batlo  of 12,13,33,39,45 

Concentration     tests,     methods 

of 13, 14^15 

Results   of 12, 13, 18-39, 76-80 

Plotting  of 15-16 

See  also  names  of  mines. 


G. 


Eckel,  B.  C,  work  of. 


8 


F. 


Fossil  mine  ore,  composition  of.  38, 69 
Concentration  tests,  results 

of 29,30,31,38 

Discussion  of 66-67, 

69, 70-71 
Frank  White  mipe  ore,  composi- 
tion of 34, 35 

Concentration  tests,  results 

of 20-22, 34, 35 

Discussion  of 49-^50 

Character  of 46 

H. 

Haloid  process  of  concentration.  13, 81 
Hammond  mine  ore,  character 

of   42,46,75-77 

Composition  of 34,39 

Concentration  tests,  results 

of 19,82,33,34,39,76-77 

Discussion  of 46 

Notes  on 73 

89 


90 


INDEX. 


Hematite  ores,  crude,  compost-   Pafs. 

tlon  of 12, 13, 52,  58, 65, 72 

Concentration  tests,  results 
of 12 

See  also  mines  named. 
Hickory    Nut    seam,    character 
and  thickness  of 9 

I. 

Ida  seam,  description  of 74-75 

Ore  from,  character  of 75-76 

Iron,   percentage  of,   In  brown 

ores 57, 76 

In  concentrates 12, 

13,  41,  43,  45.  49,  50,  51, 
52,  54,  57,  58,  59,  64,  65, 

66,  69,   72,   76,   77,   78 
In  crude  samples 12, 

33,  34,  35,  36,  37,  38,  39, 

41,  49,  52,  58,  65,  69,  72 
In  hematite  ores 9,10, 

12,  13,  17.  45,  46,  49, 
50,  52,  54,  56-57,  66, 
71,    72,    74,    76,    77 

In  slimes 33, 

34, 35, 36, 37, 38, 39, 80 

In  tailings 13, 

33,  34,  35,  36,  37,  38, 
39,  41,  52,  58,  65,  69 
Recovery  of,  in  concentra- 
tion tests 41, 

42,  45,  46,  49,  51,  52,  54, 
56,  57,  58,  59,  61,  64,  66, 

67,  71,  72,  76,  77,  79,  80 
Iron  ores,  Birmingham  district, 

geology  of 9 

Thickness  of 9 

Brown,     average    analyses 

of 5e-57, 72, 76 

Low-grade,       concentration 

of 13, 14 

See    aUo    Hematite    ores; 
mines  named. 
Irondale  seam  ore,  average  anal- 
yses of 74 

Description  of 72-73 

Concentration  tests  of 74 

Ishkooda  mine  ore,  composition 

of 33,36 

Concentration  tests  of .  18, 

25,    26,    27,    33, 

36,  45,  57-61,  77 

Notes  on 40, 57-68, 60 


Pige. 
Leibensperger,  Raymond,  work 
of 8 

Lime,  percentage  of,  in  concen- 
trates   12, 33, 

34, 35, 36, 37, 38, 39, 46, 72 

In  crude  ore 12, 33, 46, 72 

In  red  hematite  ores 9, 12, 

17, 66, 76, 78 
Low-grade  iron  ores,  testing  of.   13, 14 

M. 

Magnesia,     percentage     of,     in 

hematite  ores 10 

In  brown  ore 76 

Moxham-du   Pont   haloid   proc- 
ess   13, 81 

N. 

Nitze,  H.  B.  Ci,  work  of 11 

O. 

Ores.  See  Hematite  ores;  Iron 
ores. 

P. 

Penhallegon,  W.  J.,  acknowl- 
edgment to 8 

Phillips,  W.  B.,  work  of 8,  U, 

12,  13,  17 
Phosphorus,   percentage   of,   in 

hematite  ores 10,17 

Pleasant  Hill,  Ala.,  ore  from, 
concentration  tests  of, 
results  of 13-14 

R. 

Red  ores.    See  Hematite  ores. 

Rich  Patch  mines,  Va.,  testing 

of  limonites  at 14 

Ruffner  mine  ore,  character  of  43, 50 

Composition  of 34,  85,  39 

Concentration  tests,  results 

of 19,  20,  22, 

32,  33,  34,  35,  39,  50-52 

Discussion  of 43-45, 

46,  50-^2,  77,  78 

Notes  on 43,  60,  72,  73,  76 


INDEX. 


91 


S.  Page. 

Screening  tests,  method  of 15-16 

Plotting  of 14-15 

Results  of 18-33 

Self-fluxing,  definition 17 

Silica  In  hematite  ores 9,  10,  17 

Percentage  of,  in  brown  ores  57,  76 

In  concentrates 12, 

33-39,  41,  43,  45,  46,  49,  50, 

51,  52,  54,  57,  58,  59,  61,  64, 

65, 66, 69, 71, 72, 74,  76, 77, 78 

In  red  hematite  ores 17,  45, 

46,  49,  50,  74,  76,  77,  78 

In  tailings 33,  34, 

35, 36, 37, 38, 39, 41, 52, 58, 69 
Slimes,  composition  of 33,  34, 

35,  36,  37,  38,  39 
Iron  in,  percentage  of 80 

Songo  mine  ores,  composition  of        37 
Ck>ncentratlon  tests  of,  re- 
sults of 27-29,  37 

Discussion  of 64, 65-66 

Notes  on 61-63, 64 


Spauldlng  mine  ore,  composition 

of —  33,  34,  35-36 

Ck)ncentratlon  tests  of,  re- 
sults of 18, 

23-25,  33,  34,  35-36 
Discussion  of 40-42, 

45-46,  52,  53-54,  5&-57 

Notes  on 40,  53,  55, 56 

Sulphur,  percentage  of,  in  hema- 
tites          17 

In  Iron  ores 10 

T. 

Tailings,  analyses  of 41,  52, 

58,  65,  69,  72 

Composition  of 33,  34, 

35,  36,  37,  38,  39 
Percentage  of 18-«3,  79 

W. 

Water,  percentage  of,  in  "hard 

ore  " 17 

Willsens,  H.  A.  J.,  work  of 11 

Woodbrldge,  D,  B.,  work  of 7 


<^ 


^1 


L 


Fountain  feom  which 


Bulletin  111  Mineral  Technology  15 

DEPARTMENT  OF  THE  INTERIOR 

FRANKLIN  K.  LANE.  Sbcrbtabi 

BUREAU  OF  MINES 

VAN,  H.  MANNING,  Dikbctok 


MOLYBDENUM;  ITS  ORES  AND  THEIR 
CONCENTRATION 

WITH  A  DISCUSSION  OF 

MARKETS,  PRICES,  AMD  USES 


FREDERICK  W.  HORTON 


The  Bureau  of  Mines,  in  carrying  out  one  of  the  proviflions  of  its  organic  act — to 
disseminate  information  concerning  investigations  made— prints  a  limited  free  edition 
of  each  of  its  publications.  i 

When  this  edition  is  exhausted,  copies  may  be  obtained  at  cost  price  only  through 
the  Superintendent  of  Documents,  Government  Printing  Office,  Washington,  D.  C. 

The  Superintendent  of  Documents  is  thot  an  official  of  the  Bureau  of  Mines.  His  is 
an  entirely  separate  office,  and  he  should  be  addressed : 

Superintendent  of  Documents, 

Govemmmt  Pnnting  Office, 

Washington,  D.  C. 

The  general  law  under  which  publications  are  distributed  prohibits  the  giving  of 
more  than  one  copy  of  a  publication  to  one  per^n.  The  price  of  this  publication 
is  30  cents. 


Fiisteditiim,    October,  1916. 

n       •   ■ 


CONTENTS. 

Page. 

Introduction 3 

Scope  and  purpoee  of  investigation 4 

Present  condition  of  the  molybdenum  industry 4 

The  future  of  the  molybdenum  industry 5 

Acknowledgments 5 

Part  I.  The  molybdenum  minerals 7 

Molybdenite 7 

Testa  for  molybdenite 8 

Occiurences  of  molybdenite 8 

Accompanying  minerals •     9 

Jordisite 9 

Wulfenite 9 

Tests 10 

Occinrence  and  accompanying  minerals 10 

Molybdite 11 

Tests  for  molybdite 12 

Occurrence  and  accompanying  minerals 12 

The  rare  molybdenum  minerals 12 

Ilsemannlte 12 

Belonesite 13 

Tests 13 

Powellite 13 

Tests 14 

Occurrence 14 

Pateraite 14 

^chrematite 14 

Tests 14 

Eosite 14 

Tests 15 

A  new  molybdenum  mineral 15 

Doubtful  species 16 

Physical  properties  of  molybdenum 17 

Chemical  properties  of  molybdenum 19 

Uses  of  molybdienum 20 

Molybdenum  steels 21 

Manufacture  of  molybdenum  steels 22 

Use  of  molybdenum  in  tool  steels 22 

Use  of  molybdenum  in  magnet  steel 25 

•            Use  of  molybdenum  in  acid-resisting  steels 25 

Use  of  molybdenum  in  other  alloy  steeb 25 

Ferromolybdenum 26 

Use  of  molybdenum  in  stellite 26 

Uses  of  metallic  molybdenum 27 

Use  of  molybdenum  in  chemicals 28 

Production  of  molybdenum  ores 29 

Queensland 29 

New  South  Wales 30 

Norway 31 

in 


IV  CONTENTS. 

Part  1.  The  molybdenum  minerals — Continued. 

Production  of  molybdenum  ores — Continued.  Page. 

United  States 32 

Canada 34 

Imports  of  molybdenum 34 

Market  for  molybdenum 35 

How  molybdenum  concentrates  are  marketed 36 

Prices  of  molybdenite  and  of  wulf enite  concentrates 37 

Qualitative  tests  for  molybdenimi 40 

Quantitative  determination  of  molybdenum 41 

Solution 41 

Precipitation 42 

Conversion  of  precipitate  to  weighable  form 43 

Volumetric  determination  of  precipitated  molybdenum  trisulphide ...  43 

Method  adopted  by  the  Bureau  of  Mines 44 

Part  II.  Description  of  dex>osit8 45 

General  distribution  of  dei)osits 45 

Arizona 45 

Wulfenite  at  the  Mammoth  and  Collins  mines,  Pinal  County 46 

Wulfenite  at  the  Old  Yuma  mine,  Pima  County 48 

Other  occurrences  of  wulfenite  in  Arizona 50 

Occurrence  of  molybdenite  at  the  Leviathan  mines,  Mohave  County.  52 
Molybdenite  at  the  Smith.  &  Sawyer  and  the  Miller  claims,  Mohave 

County * 55 

Molybdenite  property  of  Arizona  Molybdenum  Co.,  Pima  County 55 

Molybdenite  at  Leader  mine,  Pima  County 56 

Other  occurrences  of  molybdenite 57 

California 58 

Molybdenite  at  property  of  Santa  Maria  Molybdenum  Mining  &  MiUing 

Co.,  San  Diego  County 60 

Molybdenite  near  Biahop,  Inyo  County 61 

Molybdenite  at  the  Buchanan  prospect,  Fresno  County 62 

Molybdenite  near  Corona,  Riverside  County 62 

Molybdenite  near  California  Hot  Springs,  Tulare  County 62 

Molybdenite  at  Caliente,  Kern  County 63 

Colorado 63 

Molybdenite  mine  of  Primes  Chemical  Co.,  near  Empire 64 

Salamander  and  Blue  Valley  molybdenite  claims,  near  Breckenridge, 

Simmdt  County 67 

Molybdenite  on  Bartlett  Mountain,  Summit  County 68 

Molybdenite  near  Ophir,  San  Miguel  County 69 

Other  occurrences  of  molybdenite  in  Colorado 70 

Deposit  near  Robinson,  Summit  County 70 

Deposit  near  Nathrop,  Chaffee  County 70 

Prospect  near  Parkdale,  Fremont  County 70 

Specimens  from  Westcliffe,  Custer  County .*. 71 

Claim  near  Marble,  Gunnison  County 71 

Deposit  south  of  Aspen,  Pitkin  County 71 

Claims  near  Kokomo,  Summit  Coimty 72 

Property  near  St.  Cloud,  Larimer  County 72 

Montana -72 

Molybdenite  near  Chico  Hot  Springs,  Park  County 73 

Molybdenite  in  Carpenter  Gulch,  Powell  County 75 

Other  molybdenite  occurrences  in  Montana 76 

Wulfenite  ore  near  Twin  Bridges,  Madison  County 76 


CONTENTS.  V 

Part  II.  Description  of  deposits — Continued.  Page. 

New  Mexico 77 

Molybdenite  property  of  the  Romero  Mining  Co 78 

Washington 79 

Crown  Point  mine 79 

Molybdenite  near  Loomis,  Okanogan  County 83 

Other  occurrences  of  molybdenite  in  Washington 84 

Deposit  near  Safety  Harbor  Creek,  Chelan  County 84 

Deposit  on  Sheep  Moimtain,  Okanogan  County 84 

PJrospects  near  Oroville,  Okanogan  County 85 

Miscellaneous  occurrences 85 

Tabulation  of  molybdenite  and  of  wulfenite  occurrences  in  the  United 

States 86 

Part  III.  Concentration 91 

Importance  of  successful  concentration  of  low-grade  ores 91 

Concentration  of  molybdenite  ores 92 

Rolling  and  screening  processes 93 

Electrostatic  processes 94 

Principles  of  separation 94 

Range  of  application 95 

Description  of  separators 96 

Concentration  tests 97 

Suggested  method  for  treatment  of  a  typical  ore 99 

Flotation  processes 101 

Water-flotation  processes 102 

Character  of  water  flotation 102 

Necessary  foctors  in  successful  water  flotation 102 

Results  of  tests  with  Wood's  process. 103 

Oil-flotation  processes 105 

Results  with  Elmore  vacuum  flotation 107 

Removal  of  accompanyinjg  metallic  sulphides 108 

Summary *. .  109 

Concentration  of  wulfenite  ores 110 

Concentration  tests  of  wulfenite  ore  from  Old  Yuma  mine,  near  Tucson, 

Ariz Ill 

Discussion  of  results  of  tests 113 

Boykin  &  Hereford  wulfenite  mill  at  Mammoth,  Ariz 115 

Discussion  of  flow  sheet 116 

Results  of  screen  test 119 

Selected  bibliography  on  molybdenum 121 

Publications  on  mineral  technology 126 


ILLUSTRATIONS. 


Page. 

Plate  I.  A,  Molybdenite  cr3^stal  from  Crown  Point  mine,  Railroad  Creek, 
Chelan  County,  Wash.;  B,   Another  molybdenite  crystal  from 

Grown  Point  mine ." 8 

II.  A,  Molybdenite  crystal  from  near  Buena  Vista,  Colo.;  B,  Flake  from 
molybdenite  crystal  showing  alteration  to  molybdite,  from  Santa 
Maria  property,  San  Di^go  County,  Cal 8 


VI  CONTENTS. 

Page. 
Plate  III.  A,  Molybdenite  on  quartz  from  Crown  Point  mine,  Railroad  Creek, 
Chelan  County,  Wash.;  B,  Wulfenite  crystals  lining  geode  from 

Mammoth  mine,  Pinal  County,  Ariz 8 

IV.  A,  Wulfenite  crystals  from  Yuma  County,  Ariz.;  By  Wulfenite  crys- 
tals from  Lucky  Bill  mine,  near  Santa  Rita,  N.  Mez.,  showing 

unusual  forms 10 

V.  A,  Wulfenite  crystals  from  Eureka,  Nev. ;  B,  Molybdite  crystals  on 

iron-stained  granite  from  Santa  Maria,  San  Diego  County,  Cal. . .        10 

'  VI.  Map  of  the  vicinity  of  Mammoth,  Ariz 46 

VII.  Af  Buildings  and  dumps  of  Mammoth  and  Collins  mines,  Schultz, 
Ariz.;  B,  Crystallized  wulfenite  in  lead  carbonate  from  Mam- 
moth mine,  Schultz,  Ariz 46 

VIII.  Af  Near  view  of  outcrop  of  Whale  vein.  Copper  Canyon,  near  Cop- 

perville,  Ariz. ;  5,  Outcrop  of  Whale  vein,  looking  south 52 

IX.  Ay  Section  through  typical  ore  from  Whale  vein.  Copper  Canyon, 
near  Copperville,  Ariz.;  By  Section  of  typical  molybdenite  ore 

from  Leader  mine,  Helvetia,  Ariz 52 

X.  Ay  Outcrop  of  dike  on  Santa  Maria  property,  San  Diego  County, 
Cal.,  looking  northwest;  By  Outcrop  of  low-grade  molybdenite 

ore  at  Primes  mine  near  Empire,  Colo 60 

XI.  Ay  Molybdenite  in  iron-stained  granite  from  Santa  Maria  property, 
San  Diego  County^  Cal.;  £,  Molybdenite  in  granite  from  John 

Fletcher  quarry,  near  Corona,  Csd 60 

XII.  Ay  Section  through  typical  mplybdenite  ore  from  Primes  mine  near 
Empire,  Colo.;  By  Typical  molybdenite  ore  from  BartlStt  Moun- 
tain, Summit  County,  Colo 64 

XIII.  Ay  View  of  Red  Mountain,  near  Empire,  Colo.;  By  Section  through 

typical  molybdenite  ore  from  Great  Western  mine,  near  Chico, 
Park  County,  Mont 64 

XIV.  Map  of  part  of  Summit  County,  Colo.,  showing  location  of  molyb- 

denite deposits  on  Quandary,  Bartlett,  and  Chalk  Mountains 66 

XV.  Ay  Typical  molybdenite  ore  from  Salamander  claim.  Quandary 
Peak,  Summit  County,  Colo. ;  By  Scraping  tailings  for  retreatment 

to  recover  wulfenite.  Mammoth,  Ariz 66 

XVI.  Ay  Section  through  molybdenite  ore  from  Quigley  mine,  Carpenter 
Gulch,  near  Ophir,  Powell  County,  Mont.;  By  Section  through 
molybdenite  ore  from  Romero  mine,  Pqrvenir,  San  Miguel  County, 

N.  Mex 74 

XVII.  Ay  Outcrop  of  upper  vein  at  mouth  of  Tunnel  No.  1,  C>own  Point 
mine.  Railroad  Creek,  Chelan  County,  Waah.;  By  Lower  tunnel 
and  dump  from  upper  workings,  Starr  mine,  near  Loomis,  Okano- 
gan County,  Wash 80 

XVIII.  Ay  Tailing  piles  containing  wulfenite  from  stamp  and  cyanide  mills. 
Mammoth,  Ariz.;  B,  Boy  kin  and  Hereford  wulfenite  mill,  Mam- 
moth, Ariz 114 

Figure  1.  Sketch  map  of  the  vicinity  of  Lake  Chelan,  Wash.,  and  vicinity, 

showing  the  situation  of  the  Crown  Point  and  Robischand  mines.        80 
'     2.  Flow  sheet  of  Boykin  &  Hereford  wulfenite  mill,  Mammoth,  Ariz .       117 


MOLYBDENUM;  ITS  ORES  AND  THEIR  CONCENTRATION, 


By  Frederick  W.  Horton. 


INTRODUCTION. 

With,  large  deposits  of  low-grade  molybdenum  ore  and  a  latent 
market  for  molybdenum,  which  with  development  might  perhaps 
equal  that  for  tungsten,  the  United  States  has  for  years  made  no  pro- 
duction of  molybdenum  ore  worthy  of  mention.  In  fact,  during  the 
decade  previous  to  1914,  there  was  no  output  of  molybdenum  ore  in 
this  country  except  in  1905,  1906,  and  1907,  when  a  few  small  lots  o| 
molybdenite  and  wulfenite  were  marketed.® 

To  ascertain  why  this  possible  source  of  economic  wealth  should 
remain  undeveloped,  the  United  States  Bureau  of  Mines  undertook 
an  investigation  in  1914,  with  a  view  of  assisting  the  establishment  of 
a  molybdenum  industry  in  this  couhtry.  A  preliminary  review  of 
the  situation  showed  the  following  conditions: 

Briefly  there  was  a  lack  of  any  considerable  demand  for  molyb- 
denum for  the  one  known  use  that  might  consume  any  large  tonnage 
of  it,  that  is,  for  the  manufacture  to  certain  alloy  steels  to  which 
molybdenum  imparts  properties  roughly  similar  to  those  produced 
by  tungsten.  It  was  at  once  evident  that  the  market  for  molybdenum 
in  alloy  steels  must  be  developed,  or  that  extensive  new  uses  for  the 
metal  must  be  created,  before  the  demand  would  be  suflHicient  to  war- 
rant any  extensive  mining  of  molybdenum  ore. 

Investigation  showed  that  one  of  the  chief  factors  in  retarding  the 
development  of  any  demand  for  molybdenum  by  the  alloy-steel 
trade  was  that  manufacturers  who'  might  use,  or  might  investigate 
the  possibilities  of  using,  the  metal  were  kept  out  of  the  market  by 
the  fear  of  not  being  able  to  obtain  steady  supplies.  On  the  other 
hand,  those  who  might  be  interested  in  the  development  of  some  of  the 
extensive  low-grade  molybdenite  or  wulfenite  deposits  in  this  country 
were  prevented  from  doing  so  by  the  small  visible  demand  and  the  fear 
that  any  large  production  would  glut  the  market.  Owing  to  these 
conditions  the  mining  of  molybdentmi  has  in  the  past  been  confined 

a  Mineral  Resooroes  U.  8.  for  1904  to  1913,  U.  S.  Geo!.  Survey,  1905  to  1914. 
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almost  entirely  to  small-scale  operations  on  high-grade  streaks  of 
molybdenite  ore,  and  the  methods  of  recovery  have  been  limited 
largely  to  cobbing  and  hand  picking. 

SCOPE  AND  PTJBPOSE   OF  INVESTIGATION. 

The  problem  before  the  Bureau  of  Mines  was  to  ascertain  the  char- 
acter and  extent  of  the  deposits  of  molybdenum  ore  in  the  United 
States  from  which  supplies  requisite  for  the.  development  of  the  mar- 
ket might  be  obtained,  and  how  the  ores  might  best  be  concentrated 
into  a  marketable  product.  These  features  were  the  ones  that  the 
investigation  described  in  the  following  pages  principally  covered. 

The  direct  purpose  of  this  bulletin  is,  on  the  one  hand,  to  prove  to 
possible  consumers  of  molybdenum  that  the  element  is  not  as  rare  as 
commonly  supposed,  and  that  this  country  possesses  many  deposits 
of  low-grade  ore  from  which  large  supplies  may  be  derived,  and  on  the 
other  hand,  to  prove  to  present  and  prospective  producers  of  molyb- 
denum that  there  is  a  latent  market  for  their  product  in  the  alloy- 
steel  trade,  which  needs  only  the  assurance  of  steady  supplies  for  a 
considerable  development.  It  is  also  intended  to  assist  the  miner  of 
molybdenum  by  giving  him  mform^tion  regarding  various  methods 
of  concentration  that  have  proven  applicable  to  the  different  types 
of  molybdenum  ore,  and  by  acquainting  him  with  market  conditions, 
uses,  prices,  etc.  The  various  molybdenum  minerals  are  described 
in  detail,  and  t^sts  for  their  determination  are  given  to  aid  the  pros- 
pector in  recognizing  them.  In  addition  to  the  most  appUcable  and 
reliable  qualitative  tests  for  molybdenum,  the  quantitative  determi- 
nation of  the  element  is  described  in  some  detail,  as  the  methods  of 
analyses  recommended  in  the  ordinary  textbooks  wiU  not  in  general 
give  correct  results,  particularly  on  low-grade  ores. 

PBESENT  CONDITION  OF  THE  MOLTBDENUH  INDXTSTBY. 

The  unprecedented  demand  for  steel-hardening  metals  occasioned 
by  the  European  war  is  slowly  drawing  the  attention  both  of  pros- 
pective consumers  and  of  producers  to  possibilities  in  regard  to 
molybdenum.  Several  mining  operations  looking  toward  a  consid- 
erable production  of  both  molybdenite  and  wulfenite  have  already 
been  commenced,  and  manufacturers  are  investigating  the  possibili- 
ties of  using  molybdenum  in  a  laige  way.  The  fact  that  molybdenum 
is  now  (April  1,  1916)  selling  at  $3  to  $4  a  pound,  as  compared  with 
$8  to  $10  a  pound  for  tungsten,  and  the  further  fact  that  1  pound  of 
molybdenum  will  produce  approximately  the  same  results  as  2  or  3 
pounds  of  tungsten,  are  serving  to  quicken  this  interest. 

Under  the  influence  of  the  high  prices  being  paid  for  the  metal  and 
the  unusual  demand,  the  whole  molybdenum  industry  is  developing 
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as  never  before,  not  only  in  the  United  States,  but  ftlso  in  Queens- 
land, New  South  Wales,  and  Norway,  the  three  oountries  that  have 
previously  supplied  practically  the  entire  world's  production.  In 
this  country,  since  late  in  1914,  a  fair-sized  molybaenite  mine  has 
been  opened  up  on  a  low-^ade  deposit  at  Red  Mountain,  near 
Empire,  Colo.,  and  extensive  shipments  of  ore  have  been  made. 
Many  molybdenite  mines  and  prdspects  throughout  the  West  have 
produced  small  lots  of  high-grade  ore,  and  some  of  them  have  accu- 
mulated dumps  of  milling  ore.  A  noteworthy  amount  of  develop- 
ment work  has  been  done  at  many  of  these  properties,  and  several 
of  them  are  rapidly  being  put  into  condition  to  become  producers. 
Since  the  simmier  of  1914  a  considerable  tonnage  of  wulfenite  con- 
•  centrates  of  medium  grade  has  been  derived  by  milling  operations 
on  some  laige  tailing  piles  at  Mammoth,  Ariz.,  and  in  the  spring  of 
1915  the  output  from  this  source  was  more  than  doubled.  It  is 
lately  reported  that  a  min  has  been  installed  to  treat  wulfenite  ore 
from  the  Old  Yuma  mine,  near  Tucson,  Ariz. 

Developments  have  already  progressed  to  such  an  extent  that,  in 
the  author's  opinion,  the  molybdenum  production  of  the  United 
States  in  1915  will  compare  favorably  with  that  of  Queensland,  New 
South  Wales,  or  of  Norway,  and  it  may  even  exceed  theim. 

THE  FUTUBE  OF  THE  MOLYBDENXTIC  INDTTSTBY. 

Of  course,  the  extremely  high  prices  that  are  now  being  paid  for 
molybdenum  can  not  last,  but  even  under  normal  conditions  the 
author  sees  no  reason  why  molybdenum  should  not  compete  with 
tungsten  in  the  manufacture  of  many  alloy  steels.  It  is  surely  as 
plentiful  an  element  as  tungsten,  its  ores  can  be  mined  as  cheaply  as 
those  of  the  latter  metal,  and  although  high-grade  concentrates  from 
molybdenite  ores  wiU  probably  cost  a  little  more  to  produce  than 
from  txmgsten  ores,  the  fact  that  much  less  molybdenum  need  be 
used  to  produce  a  given  result  should  give  it  the  advantage  in  the 
market.  If  steady  supplies  of  molybdenum  can  be  obtained  at  or 
near  the  prices  at  which  tungsten  is  offered,  the  demand  for  it  can 
not  help  but  develop  greatly  within  a  few  years. 
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PAUT  I.    THE  MOLYBDENUM  MINERALS. 

The  following  table  lists  the  known  molybdenum  minerals  and 
gives  their  theoretical  composition,  and  the  percentage  of  molybde- 
num each  mineral  contains  as  based  on  this  composition : 

Molybdenum  minerals. 


Mineral. 

Composition. 

Per  cent 
molyb-    , 
denum.   ' 

Mineral. 

Composition. 

Percent 
molyb- 
denum. 

Kolvbdenite  a. . 
Wulfenite 

MoSt 

59.95 
26. 15  , 
39.63 
68.18 
52.08 

Powelllte 

Pateraite 

Achrematite.... 

Eosite 

CaMoOi ^ 

(0M0O4 

47.96 

PbMoO* 

43.84 

Molybdlte 

Ilsemannlteb... 
Belonesite 

Fej033MoOi74HtO.... 

MoOt4MoOKt) 

MgMo04 

3(3Pb,As«08PbCl,)4=- 

(Pb,MoO»). 
Vanado-molybdate  of 

lead. 

3.40 

o  An  amorphous  \'^riety  of  molybdenite  called  jordisite  is  said  to  exist  (see  p.  9.) 
^  Composition  doubtful  (see  p.  12). 

Of  the  above  list  only  the  first  two  minerals,  molybdenite  and 
wulfenite,  have  thus  far  proved  of  commercial  importance.  With 
the  exception  of  molybdite,  the  other  minerals  listed  are  rare  and  are 
to  be  considered  only  in  the  light  of  interesting  mineralogical  occur- 
rences. Besides  these  there  are  other  molybdemun  minerals  that 
have  been  reported,  but  information  concerning  them  is  so  incom- 
plete both  as  regards  occurrence  and  composition  that  their  existence 
as  definite  species  can  not  be  considered  as  authenticated.    (See  p.  12.) 

MOLTBDEMTE. 

Molybdenite  is  the  disulphide  of  molybdemun  (MoSj)  and  contains 
59.95  per  cent  of  molybdenum  and  40.05  per  cent  of  sulphur.  It  is  a 
soft,  opaque,  lead-gray  mineral  with  a  metallic  luster  and  greasy  feel. 
It  commonly  occiirs  in  flakes  or  scales  having  a  prominent  basal 
cleavage  and  resembling  some  micas  in  the  way  the  flakes  may  be 
split  into  thin  leaves.  Finely  granular  and  massive  forms  are  also 
common.  The  mineral  is  sectile  and  in  the  flaky  form  the  laminsd 
are  flexible  but  not  elastic.  In  hardness  it  ranges  from  1  to  1.5,  being 
so  soft  that  it  soils  the  fingers  readily  in  handling  and  marks  paper, 
on  which  it  leaves  a  bluish-gray  trace.  On  porcelain  its  streak  is 
slightly  greenish.  Its  specific  gravity  has  been  variously  determined 
at  4.7  to  4.8.*^ 

e  Dana,  £.  S.,  A  system  of  mineralogy,  6th  ed.,  1911,  p.  41. 
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On  account  of  many  similar  characteristics- molybdenite  is  often 
confused  with  graphite^  but  it  may  be  easily  distinguished  from  the 
latter  as  graphite  has  a  much  lower  specific  gravity,  2.09  to  2.23, 
and  its  streak  is  lead-gray  on  both  paper  and  porcelain.  Heating  a 
fragment  of  the  mineral  in  a  closed  tube  will  conclusively  settle  any 
further  question  as  to  its  identity,  as  the  strong  sulphurous  odor 
given  off  by  molybdenite  is  entirely  lacking  with  graphite. 

Molybdenite  crystallizes  in  hexagonal  form  and  the  crystals  are 
tabular  or  short  and  slightly  tapering  prisms.  The  prismatic  planes 
are  horizontally  striated  and  on  the  base  of  some  crjrstals  there  are 
striae  normal  to  the  edges.  In  Plate  I,  which  illustrates  character- 
istic forms  of  molybdenite  crystals,  the  horizontal  strisd  on  the 
prismatic  faces  may  readily  be  seen.  Many  molybdenite  aggregates 
exhibit  a  distinct  radial  formation.  This  typical  structure  is  well 
shown  in  Plate  11,-4.  A  typical  molybdenite  ore  is  shown  in  Plate 
III,  A. 

An  artificial  crystalUzed  molybdenite  with  a  specific  gravity  of 
5.06  has  been  made  by  melting  together  potassium  carbonate, 
sulphur,  and  molybdic  oxide  in  a  platinum  crucible.  * 

Molybdenite  commonly  alters  to  molybdite,  but  it  is  also  reported 
as  sometimes  altering  to  ilsemannite.     (See  pp.  12  and  13.) 

TESTS  FOB  MOLYBDENITE. 

Different  methods  of  testing  molydenite  follow:  *  When  heated  in 
an  open  tube  molybdenite  gives  off  sidphurous  fumes,  and  a  pale 
yellow  crystalline-  sublimate  of  molybdenum  trioxide  (MoO,)  is 
formed.  Before  the  blowpipe,  the  mineral  is  infusible  and  imparts 
a  yellowish-green  color  to  the  flame.  On  charcoal  in  the  oxidizing 
flame,  pulverized  molybdenite  gives  a  strong  odor  of  sulphur  and 
the  charcoal  is  coated  with  crystals  of  molybdic  oxide  which  appears 
yellow  while  hot  and  white  when  cold.  Near  the  heated  mineral 
the  coating  is  copper-red,  and  if  the  white  coating  is  touched  with 
an  intermittent  reducing  flame,  it  becomes  a  beautiful  azure  blue. 
Molybdenite  is  decomposed  by  nitric  acid,  leaving  a  white  or  grayish 
residue  (molybdic  oxide) . 

OCCT7BBENCES  OF  MOLYBDENITE. 

Probably  three-fourths  of  the  reported  occurrences  of  molybdenite 
are  in  acid  igneous  rocks  such  as  granites,  pegmatites,  trachytes, 
and  syenites.  Next  in  order  of  importance  as  regards  deposits 
of  the  mineral  are  the  metamorphic  rocks,  molyt)denite  being  f  o\md 
in  serpentines  and  gneisses,  and  in  amphibolite,  chlorite,  talc,  and 
mica  schists,  etc.    Next  follow  the  sedimentary  rocks  with  occur- 

a  Dana,  E.  8.,  op.  dt.,  p.  42.  b  Dana,  E.  S.,  op.  dt.,  p.  41. 
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rences  of  the  mineral  in  conglomerates  and  limestones^  and  finally 
the  basic  igneous  rocks  with  a  few  deposits  in  gabbros,  basalts,  etc. 
Localities  in  the  United  States  where  molybdenite  has  been  reported 
are  named  in  part  2  of  this  report,  and  detailed  descriptions  of  many 
characteristic  occurrences  are  given  there. 

ACCOMPANYING  MINEBALS. 

Besides  the  occurrence  of  gold  and  of  various  silver  minerals  with 
molybdenite,  the  author  has  noted  the  following  accompanying 
minerals:*  Molybdite,  bornite,  chalcopyrite,  malachite,  azurite,  chrys- 
ocolla,  native  copper,  pyrite,  galena,  pyrrhotite,  magnetite,  limonite, 
sphalerite,  bismuthinite,  cassiterite,  wolframite,  scheelite,  calcite, 
quartz,  orthoclase,  pyroxene,  hornblende,  garnet,  epidote,  tour- 
maline, ,lnuscovite,  and  biotite.  The  following  additional  minerals 
have  been  recorded  by  Crook"  as  associated  with  molybdenite: 
Arsenopyrite,  fluorite,  barite,  apatite,  rutile,  oligoclase,  tremolite, 
scapolite,  and  zircon;  and  Umpleby  ^  has  noted  tetrahedrite,  chal- 
cocite,  cuprite,  hubnerite,  and  manganese  oxides  as  accompanying 
minerals.  Dolomite,  talc,  beryl,  phlogophite,  and  Idllingite  are  also 
mentioned  by  Hintze  ^  as  occuring  with  molybdenite. 

JOBDISITB. 

According  to  Comu,**  there  exists  a  black  powdery  form  of  molyb- 
denum sulphide  that  he  considers  to  be  distinct  from  crystalline 
molybdenite.  It  is  described  as  "colloidal  molybdenimi  sulphide,'' 
and  is  said  to  alter  to  ilsemannite^  and  to  occur  at  Himmetfurst, 
Freiberg,  Saxony.  Jordisite  is  listed  as  a  variety  of  molybdenite  by 
Cahen  and  Wootton.* 

WULFENITE. 

Wulfenite  is  a  molybdate  of  lead  (PbMoOj  and  theoretically 
contains  26.15  per  cent  of  molybdenum  and  56.42  per  cent  of  lead. 
It  is  a  heavy,  brittle,  subtransparent  to  subtranslucent  mineral  with 
a  resinous  or  adamantine  luster  and  is  generally  of  a  wax  or  orange- 
yellow  color.  It  may,  however,  be  siskin  and  olive  green,  yeUowish- 
gray,  brown,  grayish-white  to  nearly  colorless,  or  orange  to  bright 
red.  Its  hardness  is  2.75  to  3  and  its  specific  gravity  is  6.7  to  7.  It 
has  a  subconchoidal  fracture  and  a  white  streak.  In  planes  parallel 
with  its  crystal  pyramid  faces  it  has  a  smooth  cleavage,  but  in  other 

a  Crook,  A.  R.,  Bull.  Geol.  See.. America,  vol.  15, 1904,  pp.  28^288. 

b  Umpleby,  7.  B.,  Geology  and  ore  deposits  of  Lemhi  County,  Idaho:  U.  S.  Geol.  Survey  Bull.  528, 
1913,  p.  73. 

c  Hintze,  Carl,  Handbach  der  Mineralogie,  Bd.  1,  pp.  41(M18. 

dCamvL,  F.,  NatOrliches  kollddes  Kolybd&nsulfld  (Jordislt):  Ztschr.  Chem.  Ind.  KoUdde,  Bd.  4, 
1909,  p.  190. 

«  Cahen,  Edward,  and  Wootton,  W.  O.,  The  mineralogy  of  the  rarer  metals;  a  handbook  for  prospectors. 
1912,  pp.  51-52. 
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directions  the  cleavage  is  less  distinct.  It  crystallizes  in  the  tetragonal 
system  with  pyramidal  hemihedrism.  The  crystals  are  commonly 
square  and  tabular  and  are  sometimes  extremely  thin,  with  a  vicinal 
pyramid  replacing  the  basal  plane.  Less  frequently  the  crystals  are 
octahedral  or  prismatic,  the  prismatic  faces  showing  the  hemihedrism 
characteristic  of  the  mineral.  Plates  III,  B,  and  IV,  A,  illustrate 
common  tabular  forms  of  wulfenite  crystals  and  Plate  V,  A,  shows 
a  fine  specimen  illustrating  the  extremely  thin  crystals  referred  to 
above.  Wulfenite  crystals  of  mineral  form  are  illustrated  in  Plate 
IV,  B. 

Wulfenite  generally  occurs  in  well-crystallized  forms,  but  it  is  also 
found  in  coarse-grained  or  fine-grained  masses.  Small  percentages  of 
calcium,  chromium,  vanadium,  copper,  iron,  or  aluminum  are  gen- 
erally present  in  wulfenite  as  impurities.  ^ 

Among  others,  the  following  characteristic  analyses  of  American 
wulfenites  are  given  by  Dana:  °- 

Charactenstie  analyses  of  Avnexican  wulfenites. 


Source  of  sample. 


Eureka  County,  Nev 

Phoenixvllle,  Pa.... 

Do 


Per 

cent 

MoOs. 


39.33 
39.21 
37.47 


Percent 
PbO. 


61.11 
00.00 
60.30 


Per  cent  other  oxides. 


1.04CaOs,0.38FesOt 
.38CrsOs 
1.28Vi06 


Total  per 
cent. 


101.86 
99.59 
99.05 


TESTS.& 

Before  the  blowpipe  wulfenite  decrepitates  and  fuses  below  2. 
With  borax  in  the  oxidizing  flame  it  gives  a  colorless  glass  which  in 
the  reducing  flame  becomes  an  opaque  black  or  dirty  green  with 
black  flocks.  With  salt  of  phosphorus  in  the  oxidizing  flame  wul- 
fenite gives  a  yellowish-green  glass  which  becomes  dark  green  in  the 
reducing  flame.  The  powdered  mineral,  when  heated  with  soda  on 
charcoal,  yields  metalhc  lead.  On  evaporation  with  hydrochloric 
acid  wulfenite  is  decomposed,  forming  lead  chloride  and  molybdic 
oxide.  Moistening  the  residue  with  water  and  adding  metallic  zinc 
gives  an  intense  blue  color  which  persists  after  dilution. 

OCCX7BBENOE   AND  ACCOMPANYING  MINEBALS. 

Deposits  of  wulfenite  are  confined  almost  wholly  to  veins,  in 
which  it  occurs  associated  with  other  lead  minerals.  Localities  in  the 
United  States  where  wulfenite  has  been  reported  are  named  in  part  2, 
and  detailed  descriptions  of  several  characteristic  occurrences  are 
also  given. 


a  Dana,  E.  S.,  A  system  of  mineralogy,  6th  ed.,  I9I1,  p.  991. 


b  Dana,  E.  S.,  loc.  cit. 


A.    WULFENITE  CRYSTALS  FROM  VUMA  COUNTY.  ARIZ.    (NATURAL  SIZE.) 


.    WULFENITE  CRYSTALS  FROM  EUREKA.  NEV.    (NATURAL  SIZE.) 
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Outside  of  the  gangue-forming  minerals,  wnlfenite  has  been  found 
associated  with  gold  and  various  silver  minerals,  with  galena,  cerus- 
site,  pyromorphite,  vanadinite,  anglesite,  and  desdoizite.  In  con- 
nection with  the  occurrence  of  gold  with  wulfenite,  it  may  be  of 
interest  to  note  that  the  native  gold  is  sometimes  contained  directly 
in  the  wuMenite  crystals  themselves.     (See  p.  116.) 

MOLTBDITEL 

Molybdite  is  a  hydrous  ferric  molybdate  (Fe308.3MoO,.7iH20) 
and  theoretically  contains  39.63  per  cent  of  molybdenum.  It  is  a 
lemon-yellow  to  pale-yellow  mineral,  and  occurs  as  an  earthy  powder, 
incrustations,  fibrous  masses,  or  capillary  crystals  in  radiating  groups. 
The  crystals  and  many  of  the  fibrous  forms  of  the  mineral  have  a 
silky  luster.  Molybdite  is  an  alteration  product  of  molybdenite, 
probably  formed  by  the  interaction  of  molybdic  acid  (Uberated  by 
the  oxidation  of  the  molybdenite)  and  Umonite.  The  formation  of 
the  Umonite  in  many  cases  may  have  resulted  from  the  weathering 
of  pyrite,  which  is  commonly  associated  with  the  molybdenite, 
simidtaneously  with  or  previous  to-  the  weathering  of  the  molyb- 
denite. 

Plate  V,  Bj  illustrates  a  groilp  of  molybdite  crystals,  showing  their 
capillary  form  and  characteristic  grouping  in  radiating  clusters. 
Plate  II,  B,  shows  a  flake  from  a  large  crystal  of  molybdenite,  with 
molybdite  extensively  developed  along  its  cleavage  planes. 

For  many  years  the  erroneous  idea  has  existed  that  molybdite 
agrees  in  composition  with  the.  artificial  molybdic  trioxide  obtained 
by  oxidizing  molybdenite.  The  present  textbooks  on  mineralogy 
almost  universally  persist  in  this  error,  giving  the  composition  of 
molybdite  as  M0O3,  and  stating  that  the  pure  mineral  contains  66.7 
per  cent  of  molybdenum.  That  such  is  not  the  case  was  first  called 
to  the  author's  attention  by  chemical  tests  of  a  sample  of  molybdite 
which  from  microscopic  examination  seemed  to  be  practically  pure. 
The  presence  of  a  large  percentage  of  iron  was  determined,  and  the 
same  result  obtained  from  tests  on  other  samples  of  molybdite  from 
different  localities  led  the  author  to  beUeve  that  the  iron  was  an 
essential  part  of  the  mineral.  A  search  of  the  literature  on  molyb- 
dite revealed  the  fact  that  Schaller  "  had  not  only  proved  the  presence 
of  combined  iron  in  molybdite,  but  had  definitely  established  its 
composition  as  Fe30g.3Mo08.7iH20. 

TTifl  analyses  of  molybdite  from  different  localities  in  the  United 
States,  given  in  the  accompanying  table,  have  the  insoluble  matter 
deducted  and  are  recalculated  to  100  per  cent.    The  last  column  of 

a  Sdialler,  W.  T.,  Minoralogical  note»'4erlefl  1:  U.  S.  Oeol.  Survey  Bull.  490, 1011,  pp.  81-92. 
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the  table  gives  the  theoretical  analysis  as  calculated  from  the  for- 
mula Fej083Mo08.7iH20.  Attention  is  called  to  the  close  agree- 
ment of  the  analysis  of  the  molybdite  from  New  Hampshire  with 
this  calculated  analysis. 

Analyses  of  molybdite. 


Constituent. 

TeUurlde, 
Colo. 

Hortense, 
Colo. 

Califor- 
nia. 

New 
Hamp- 
shire. 

Calcu- 
lated from 
formula. 

HtO 

Percent. 
16.8 
20.2 
63.0 

Percent. 
20.19 
20.30 
59.42 

Percent. 
19.5 
20.0 
60.5 

Percent. 
18.28 
21.87 
59.85 

Percent. 
18.57 

FeiOs 

22.01 

MoOi '. !!.... 

59.42 

100.06 

100.00 

100.0 

100.00 

100.00 

The  specific  gravity  of  the  molybdite  from  Hortense^  Colo.,  is  given 
by  Schaller  as  2.99. 

TESTS  FOB  2COLYBDITE. 

Regarding  tests  of  molybdite,  Schaller  "  writes  as  follows: 

On  heating  the  mineral  in  a  closed  tube  abundant  water  is  easily  given  off  and  the 
mineral  assumes  a  dark-oUve  color;  on  further  heating  it  again  becomes  lighter  in 
color.  On  heating  the  mineral  in  a  crucible  the  color  changes  are  very  marked.  At 
first  the  yellow  mineral  darkens  and  becomes  a  dark  gray,  appearing  ahnost  black 
and  with  slight  olive  tint,  then  it  becomes  a  light  yellow  again,  and  on  further  heating 
changes  to  a  deep  orange  color.  If  the  mineral  now  be  allowed  to  cool,  the  orange 
changes  to  yellow  and  back  to  orange  again  on  reheating.  .  If  the  dark-colored  mate- 
rial be  allowed  to  cool,  it  retains  its  dark  gray  color,  and  on  reheating  passes  through 
yellow  to  the  orange.  On  heating  for  some  time  at  a  higher  temperature,  the  mineral, 
on  cooling,  becomes  a  permanent  bright  green.  By  further  heating  all  of  the  molyb- 
denum is  volatilized  and  the  dark-red  ferric  oxide  remains.  The  mineral  is  readily 
soluble  in  hydrochloric  acid,  and  is  decomposed  by  ammonia,  taking  on  a  brown  color 
(probably  due  to  the  separating  ferric  hydroxide) .  After  a  while,  all  the  molybdenum 
of  the  mineral  go^  into  solution,  leaving  the  insoluble  ferric  hydroxide. 

OCCimBENCE  AND  ACCOMPANYING  MINEBALS. 

As  molybdite  is  an  alteration  product  of  molybdenite,  its  occur- 
rences and  associated  minerals  are  practically  the  same  as  those  of 
the  latter  mineral.     (See  p.  11.) 

THE  HARE  MOLYBDENUM  MINEBALS. 

ILSEMANNITE. 

Ilsemannite  ^  is  an  oxide  of  molybdenum  said  to  result  from  the 
decomposition  of  metalUc  molybdatos  and  is  probably  identical  with 
the  artificial  compound  M0O2.4M0O3.  It  is  a  blue-black  to  black 
cryptocrystalline  mineral;  and  has  been  reported  as  occurring  in 


a  Schaller,  W.  T.,  op.  cit.,  pp.  85-86. 
h  Dana.  E.  S..  A  STstem  of 


I  Scbauer,  w.  T.,  op.  cit.,  pp.  55-86. 

'  Dana,  E.  S.,  A  system  of  mineralogy,  6th  ed.,  1911,  p.  202. 
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barite  and  associated  with  wulfenite  at  Bleiberg,  in  Corinthia.  It 
is  soluble  in  water,  giving  a  deep  blue  solution  which  on  evapora- 
tion yields  dark-blue  crystals.  Lindgren  and  Ransome  <*  state  that 
material  from  a  quartz  vein  carrying  molybdenite,  pyrite,  and  sphal- 
erite and  situated  a  short  distance  east  of  the  Howard  flat  vein 
in  the  Cripple  Creek  District,  Colo.,  upon  exposure  to  the  sun  and 
air,  turns  yellow  or  green  and  finally  a  deep  Prussian  blue.  Little 
tufts  of  yellow  material  are  formed  on  the  specimens  and  occasion- 
ally coatings  of  a  dark-blue  mamillary  substance.  "The  yellowish 
material  is  believed  to  be  molybdite.''  ''The  blue  substance,  which 
dissolves  in  water  and  is  associated  with  some  ferrous  sulphate,  also 
contains  a  large  amount  of  molybdenum,  and  probably  is  the  rare 
mineral  ilsemannite  (SI0O34M0O,)." 

BELONESITE. 

Belonesite^  is  regarded  as  magnesium  molybdate  (MgMoO^).  It 
is  a  white  transparent  mineral  occurring  in  minute  acicular  crystals 
of  the  tetragonal  system,  and  theoretically  contains  52.08  per  cent  of 
molybdenum.  It  occurs  in  rock  fragments  enveloped  in  the  Vesuvian 
lava  of  1872. 

TESTS. 

Before  the  blowpipe  belonesite  fuses  with  difficulty.  It  dissolves 
readily  in  salt  of  phosphorus,  but  less  easily  in  the  borax  bead,  and 
is  insoluble  in  acids. 

POWEIXITE. 

Powellite  is  calcium  molybdate  (CaMo04),  which  when  pure  con- 
tains 47.98  per  cent  of  molybdenum.  It  is  a  dull-gray  color,  and 
according  to  Schaller*  has  a  specific  gravity  of  approximately  4.25. 
It  is  a  pseudomorph  after  molybdenite,  often  preserving  the  structure 
of  the  latter  mineral  and  occurring  in  platy  masses.  Dana  ^  states 
that  calcimn  tungstate  is  present  in  the  mineral  and  quotes  an 
analj^is  showing  10.28  per  cent  WO,.  Schaller,  however,  calls  atten- 
tion to  the  fact  that  any  calcium  tungstate  present  exists  as  a  me- 
chanical mixture  of  scheelite  with  the  mineral  and  states  that  "The 
association  of  molybdenite  with  scheelite  is  well  known,  and  when 
the  molybdenite  alters  to  poweUite  the  association  of  poweUite  with 
scheelite  necessarily  follows.  The  agencies  affecting  the  change  from 
molybdenum  sulphide  to  calcium  molybdate  are  apparently  without 
effect  on  the  scheelite." 

aJjioAffBOf  Waldemar,  and  R&nsome,  F.  L.,  Geology  and  gold  deposits  of  the  Cripple  Creek  district, 
Colo.:  U  S.  Oeol.  Survey,  Prof.  Paper  No.  54, 1906,  p.  124.. 
fr  Dana,  B.  S.,  op.  dt,  p.  902. 

c  Schaller,  W.  T.,  Htneralogical  notes—series  1:.U.  S.  Oeol.  Burvey;  Boll.  400, 1011,  pp.  80-83. 
<  DttDSj  B.  8.,  op.  dt.,  p.  089. 
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TESTS. 

The  mineral  fuses  at  about  5  to  a  gray  mass.  It  reacts  for  molyb- 
denum with  salt  of  phosphorus  and  is  decomposed  by  nitric  and 
hydrochloric  acids." 

OGCX7BBENGE. 

Powellite  has  been  found  in  the  United  States  in  the  Peacock  lode 
of  the  Seven  Devils  mining  district  in  western  Idaho,  where  it  is 
associated  with  ai^entiferous  bomite  and  dark-brown  garnet;"  at  the 
South  Hecla  copper  mine,  Houghton  Coimty,  Mich.,  Where  it  occurs 
in  fine  crystals;^  near  Oak  Springs,  Nye  County,  Nev.;«  and  Baringer 
Hill,  Llano  County,  Tm^.^ 

PATEBATTE. 

Pateraite*  is  supposed  to  be  cobalt  molybdate  (C0M0O4).  It 
occurs  as  Ian  impure  massive  mineral  of  black  color  associated  with 
uranimn  in  the  Elias  mine,  Joachimisthal,  Austria. 

ACHBEICATITB . 

Achrematite -^  is  a  massive,  crypto-crystalline  mineral  with  the 
formula  3(3Pb5As208PbCl3)4(Pb2Mo05)  and  contains  3.40  per  cent  of 
molybdenum.  It  has  an  imeven  to  subconchoidal  fracture,  is  brittle, 
has  a  hardness  of  3  to  4,  and  a  specific  gravity  of  about  6.  In 
color  it  is  sulphur-yellow  to  orange  and  red,  but  in  mass  is  liver- 
brown,  owing  to  admixed  limonite.  Its  streak  is  pale  cinnamon- 
brown;  its  luster  is  resinous  to  adamantine  and  fragments  of  the 
mineral  are  translucent  on  thin  edges.  It  occurs  at  the  mines  of 
Ouanacere,  Chihuahua,  Mexico. 

TESTS. 

Before  the  blowpipe  it  decrepitates  sHghtly,  turning  a  dark  brick 
red  and  fusing  easily  to  a  nearly  black  globule  which  shows  indistinct 
crystalline  facets  on  cooling.  On  charcoal  it  yields  arsenical  odors, 
a  lead  coating,  and  finally  globules  of  lead 

EOSITE. 

Eosite  9  is  supposed  to  be  a  vanado-molybdate  of  lead.  Its  exact 
composition  is  not  considered  as  definitely  established,  although  Gin^ 

a  nana,  E.  S.,  A  system  of  minerology,  dth  ed.,  1911,  p.  989. 
ft  Dana,  E.  8.,  op.  dt.,  appendix  I,  p  fi6. 

c  Schaller,  W.  T.,  Mineralogical  notes— series  1:  U.  8.  Geol.  Survey,  Bull.  490, 1911,  pp.  80-83. 
d  Schaller,  W.  T.,  loc.  clt. 
e  Dana,  E.  6.,  op.  cit.,  pp.  991-992. 
/  Dana,  E.  8.,  op.  cit.,  p.  992. 
g  Dana,  £.  8.,  loo.  cit. 

A  Q  in,  0 . ,  A  memoir  on  the  methods  of  treatment  of  simple  and  complex  ores  of  molybdenum,  tungsten, 
yranlum,  and  vanadium:  Trans.  Am.  Elec.  Chem.  8oo.,  vol.  13, 1907,  p.  412. 
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gives  its  formula  as  PbjVjMoOi,.  It  occurs  in  minute  square  octa- 
hedral crystals  of  the  tetragonal  system  which  are  found  implanted 
on  pyromorphite  and  cerussite  at  Leadhills,  Scotland.  It  has  a  hard- 
ness of  3  to  4  y  and  a  brownish,  orange-yellow  streak.  In  color  it  is 
deep  aurora-red. 

TESTS  .<» 

When  heated  in  a  closed  tube,  eosite  darkens,  but  regains  its  color 
on  cooling.  When  fused  with  potassium  bisulphate  it  gives  a  mass 
that  is  slightly  yeUow  while  hot,  but  on  cooling  turns  first  reddish- 
brown,  and  finally  a  brownish  orange-yeUow.  This  mass,  dissolved 
in  water  and  boiled  with  metallic  tin,  colors  the  solution  a  faint 
greenish-blue.  Eosite  is  not  so  rapidly  attacked  by  hydrochloric 
acid  as  wulfenite  or  crocoite.  When  a  splinter  of  the  mineral  is 
placed  on  a  glass  plate  and  treated  with  hydrochloric  acid,  with  the 
subsequent  addition  of  alcohol,  and  then  gently  evaporated,  a  blue 
to  bluish-green  coating  is  formed  with  a  green  precipitate  on  the 
edges. 

A  NEW  MOLYBDENT7M  HINEBAL. 

F.  B.  Laney,  of  the  United  States.  Geological  Survey,  recently 
discovered  a  dark-green  mineral  rich  in  molybdenum,  which  occurs 
as  an  incrustation  on  specimens  of  ore  from  Vein  No.  21  of  the 
Lucania  Tunnel,  near  Idaho  Springs,  Colo.  Dr.  Laney's  examina- 
tion of  the  occurrence,  made  in  conjunction  with  the  author,  showed 
that  the  mine  water,  which  percolated  slowly  from  the  vein  in  the 
innnediate  neighborhood  of  the  green  incrustations,  contained  a 
molybdenimi  compound  that  colored  it  a  deep  blue.  This  color 
was  so  intense  that  in  several  experiments  in  which  the  mine  water 
was  used  as  a  writing  fluid  the  writing  was  as  legible  as  with  an 
ordinary  ink.  The  acidity  of  the  water  was  pronounced,  and  in 
some  places  where  it  had  dripped  upon  the  iron  mine  rails  it  had 
eaten  them  to  a  depth  of  three-quarters  of  an  inch  or  more. 

An  analysis  of  a  sample  of  this  water  by  R.  C.  Wells,  of  the  United 
States  Geological  Survey,  showed  the  following  results: 

Analytis  of  mine  water  from  Vein  21  j  Lucania  Tunnel,  Idaho  Springs,  Colo.^ 


Sutetance. 

Molybdenum  trioxide  (MoOs).. 
Molybdenum  dioxide  (MoOt) . . 

FemMislron 

Ferric  iron 

Aluminum 

Calcium 

a  Dana,  E.  S.,  loo.  dt. 


Grams  per 
liter. 


7.98 

Trace. 

2.01 

1.76 

.27 

.60 


Substance. 


Magnesium 

Sodium 

Potassium 

Sulphate  (SCO 

Chlorine  (CI) 

Hydrogen  (of  free  acid) , 


Grams  per 
Uter. 


0.73 
.26 
.14 

18.26 
.17 
.13 


b  The  specific  gravity  of  this  water  at  26"  C.  was  1.031. 
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There  is  no  doubt  that  the  color  of  the  water  is  due  to  a  dissolved 
molybdenum  blue,  possibly  ilsemannite,  but  just  what  the  compound 
is  has  not  been  detennined. 

The  blue  mine  water  had  impregnated  considerable  areas  of  the 
vein  material  in  the  drift  on  both  sides  of  the  main  tunnel  and 
immediately  adjoining  it.  The  rock  was  colored  a  light  blue  with 
the  coloring  particularly  strong  along  the  fractures  in  the  vein 
material  and  in  the  more  porous  rock.  Where  the  rock  carrying 
the  molybdenum  blue  had  been  exposed  to  the  air  circulating  along 
the  main  tunnel  and  about  the  mouths  of  the  drifts  there  was  a 
powdery  incrustation  of  the  dark-green  molybdenum  mineral 
already  referred  to.  Several  specimens  were  collected  where  this 
incrustation  was  a  yellowish  or  golden  green  and  a  few  where  it  was 
almost  a  bright  ydlow.  On  the  dxmip  at  the  mouth  of  the  main 
tunnel  many  specimens  were  coated  with  the  green  molybdenum 
mineral.  The  latter  had  seemingly  been  formed  by  the  action  of 
the  air  on  ore  that  had  been  impregnated  with  the  molybdenum  blue. 

Owing  to  the  difficulty  of  obtaining  reasonably  pure  samples  of 
these  blue  and  green  minerals;  and  to  the  inherent  difficulties  in  the 
analysis  of  compoimds,  whose  state  of  oxidation  is  so  unstable,  their 
exact  composition  has  not  as  yet  been  determined. 

The  molybdenxmi  minerals  described  above  are  probably  identical 
with  those  noted  by  Lindgren  and  Eansome  "  in  a  small  vein  east 
of  the  Howard  flat  vein  in  the  Cripple  Creek  district,  Colorado.  How- 
ever, the  author  believes  that  the  green  molybdenum  mineral  (rela- 
tively insoluble)  is  formed  from  the  soluble  blue  compound,  and  not 
vice  versa,  as  indicated  by  Lindgren  and  Ransome. 

DOUBTFUL   SPECIES. 

As  already  stated,  there  are  other  molybdenum  minerals  that 
have  been  reported  besides  those  described  above.  Definite  informa- 
tion concermng  them  is,  however,  so  meager  that  their  existence  as 
distinct  species  is  problematical.  Principal  among  these  doubtful 
minerals  are  molybdurane,  molybdoferrite  and  knightite.  The  first 
two  are  referred  to  by  Moissan  ^  and  also  by  Gin  ^  who  give  the 
formula  of  molybdurane  as  UO3.UO3.2M0O4,  and  of  molybdoferrite 
as  FeMo04.  Des  Cloizeaux  ^  speaks  of  molybdurane  as  a  molybdate 
of  uranium,  and  says  that  it  is  found  at  Joachimsthal,  Bohemia. 
Knightite,  said  to  be  a  phosphate  of  molybdenmn,  is  referred  to  by 

a  Lindgren,  Waldemar,  and  Ransome,  F.  L.,  Geology  and  gold  deposits  of  the  Cripple  Creek  district 
Colorado:  U.S.  Geol.  Survey  Prof.  Paper  54, 1006,  p.  124;  also  see  pp.  12-13  of  this  report. 

b  Moissan,  Henri,  Traits  dechimie  min^rale,  t.  4, 1004,  p.  685. 

e  Gin,  Gustave,  A  memoir  on  the  methods  of  treatment  of  simple  and  complex  ores  of  molybdenum, 
tungsten,  uranium,  and  vanadium:  Trans.  Am.  Electrochem.  Soc.,  vol.  12, 1007,  p.  412. 

d  Des  Cloiseaux,  Alfred,  Manuel  de  mineralogie,  1862,  p.  271. 
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Hills,"  who  states  that  it  was  discovered  by  O.  W.  Ejaight,  of  Bangor, 
Me.,  in  a  molybdenite  deposit  at  Catherine's  Hill,  of  the  same  State. 
Beside  the  foregoing  minerals,  of  molybdenmn  the  presence  of 
molybdenum  in  scheehte  should  be  called  to  the  reader's  attention. 
Dana  ^  hj  17  analyses  of  scheelite  from  various  parts  of  the  world 
shows  that  molybdenum  is  present  in  this  mineral  in  quantities  vary- 
ing from  a  trace  up  to  about  8}  per  cent. 

PHYSICAL  PROPERTIES  OF  MOLYBDENUM. 

Pure  molybdenum  is  a  white  metal.  Its  appearance  depends 
largely  on  the  method  of  production.  If  obtained  by  reducing  the 
oxides  or  the  sulphides  of  molybdenum  by  hydrogen,  it  is  a  gray 
powder  which  under  heat  and  pressure  may  be  compacted  into  a 
metallic  bar  that  is  brittle  and  even  fragile.  Produced  by'alumino- 
thermic  methods  or  by  reduction  in  the  electric  furnace,  it  is  a  com- 
pact^metal,  but  owing  to  the  absorption  of  carbon  in  the  electric 
furnace,  it  ib  not  pure  and  has  different  physical  properties  from  the 
carbon-free  metal,  as  is  explained  later.  Pure  compact  molybdenum 
is  malleable  and  is  sufficiently  soft  to  be  filed  and  polished  with  ease. 
It  will  not  scratch  glass. 

Within  the  last  decade  molybdenum  was  considered  as  absolutely 
lacking  in  ductility,  but  the  research  laboratory  of  the  General  Elec- 
tric Co.,  at  Schnectady,  N.  Y.,  has  discovered  a  method  of  producing 
ductile  forms  of  the  element,  which  may  be  drawn  into  ribbons  and 
fine  wire. 

Debray,*'  one  of  the  earher  experimenters  with  the  metal,  con- 
sidered it  infusible,  but  although  he  failed  to  melt  it,  he  discovered 
that  at  a  high  temperature  it  absorbed  carbon.  Moissan  ^  subse- 
quently obtained  molten  molybdenmn  in  an  electric  furnace.  Its 
exact  melting  point  is  still  a  matter  of  some  question.  The  Bureau 
of  Standards  ^  has  placed  it  about  2,500°  C,  or  4,500*'  F.  This  is 
over  1,400°  C.  above  the  melting  point  of  copper,  about  1,000°  C. 
higher  than  that  of  iron,  and  745°  above  that  of  platinum.  Osmiimi, 
tantalum,  and  tungsten  are  the  only  three  metals  listed  by  the  Bureau 
of  Standards  as  having.higher  melting  points.  A  resum6  of  melting- 
point  determinations  of  molybdenum  is  given  by  Pirani  and  Meyer .^ 

Moissan  ^  determined  the  specific  gravity  of  molybdenimi  as  9.01,* 
but  recent  research  has  shown  that  this  value  is  low,  and  further  that 

a  Hills,  B.  W.,  The  molybdenite  deposits  of  Tunk  Pond,  Me.:  Mining  World,  vol.  31, 1900,  p.  323. 
b  Dana,  E.  S.,  A  system  of  mineralogy,  dth  ed.,  1911,  p.  9^7. 
c  Moissan,  Henri,  Traits  de  ohimie  mingle,  t.  4, 1904,  p.  687. 
d  Moissan,  Henri,  loc.  dt. 

e  Stratton,  S.  W.,  Melting  points  of  chemical  elements:  Bureau  of  Standards  Circular  35, 1912, 2d  ed. ,  p.  2. 
/  Pirani,  M.  V.,  and  Meyer,  A.  R.,  t^ber  den  Schmelzpunkt  des  Wolframs  und  des  Molybdiins:  Ver. 
deut.  Phys.  OeseU.,  Jahrg.  14, 1912,  pp.  42&^28. 
8  Moissan,  Henri,  loc.  cit. 
ft  Moissan,  Henri,  loc.  cit. 
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the  specific  gravity  of  the  metal  increases  appreciably  with  the  amount 
of  mechanical  working  to  which  it  is  subjected,  a  phenomenon  common 
to  many  other  metals,  such  as  copper,  zinc,  and  timgsten.^  The 
specific  gravity  of  ductile  molybdenum  before  drawing  was  deter- 
mined in  the  research  laboratory  of  the  Greneral  Electric  Co.  as  10.02, 
and  after  drawing  it  ranged  from  10.04  for  a  wire  3.75  mm.  in  diameter 
to  10.32  for  a  wire  0.038  mm.  in  diameter. 

The  accompanying  table  ^  shows  the  tensile  strength  of  molybde- 
num wire  of  various  diameters  in  comparison  with  that  of  tungsten 
wire  of  the  same  sizes  and  with  that  of  one  size  of  hard-drawn  piano 
wire.  It  will  be  noted  that  the  values  for  molybdenum  are  approxi- 
mately one-half  those  for  timgsten  and  for  the  steel  wire  of  correspond- 
ing size;  likewise,  that  the  tensile  strength  of  both  molybdeninn  and 
tungsten  increases  very  appreciably  with  the  fineness  of  the  wire. 
In  other  words,  the  more  the  metals  are  worked  the  stronger  they 
become. 

Comparative  temiU  strength  of  molybdenum,  tungsten^  and  steel  wire. 


Wire. 


IColybdoium 

Tungsten 

Hard-drawn  piano  wire 


Diameter 

inthou- 

Diameter 

sandthii  of 

in  nun. 

an  inch. 

r           5.0 

0.125 

2.8 

.070 

1.5 

.038 

5.0 

.125 

2.8 

.070 

1.5 

.038 

3.0 

.075 

Pounds  per  square 
inch. 


200,000 
230,000 
270,000 
400,000 
480,000 
550,000 


to  200, 000 
to  270, 000 
to  310, 000 
to  490, 000 
to  530, 000 
to  000, 000 
507,000 


Kflognms 

per  square 

mm. 


140  to  182 
161  to  189 
180  to  217 
822  to  343 
836  to  371 
386  to  420 
356 


The  electrical  resistance  of  ductile  molybdenum  is  5.6  microhms 
per  cubic  centimeter  for  hard-drawn  wire  and  4.8  for  annealed  wire, 
the  resistivity  being  measured  at  25®  C.*'  The  temperature  coefficient 
of  electrical  resistance  between  0®  and  170®  C.  is  O.OOSO.** 

The  specific  heat  of  molybdenum  as  determined  by  Def acqz  and 
Guichard*  is  0.072  at  93®  C,  0.074  at  281®  C,  and  0.072  at  440®  C. 

The  emissivity  of  molybdenum  measured  with  red  light  having  a 
wave  length  0.650  m  has  been  determined  by  Burgess  and  Wal- 
tenberg  f  at  temperatures  of  2,000®  and  2,500®  C.  as  0.43  and  0.40, 
by  Coblentz  ^  at  room  temperature  as  0.51,  and  by  Mendenhall  and 

a  Fink,  C.  G.,  Ductile  tungsten  and  molybdenum:  Trans.  Am.  Electrochem.  8oc.,  vol.  17,  1010,  pp. 
220-233. 

b  From  Fink,  C.  O.,  loc.  dt. 

<^  Fink,  0.  O.,  loc.  cit. 

d  Fink,  C.  G.,  loc.  cit. 

cDefacqs,  E.,  and  Guichard,  M.,  Bur  la  determination  de  la  chaleur  sp^fique  du  tungst^e  et  du  molyb- 
dtoe:  AnaL  chim.  Fhys.,  ser.  7,  t.  24, 1901,  p.  139. 

/  Burgess,  G.  K.,  and  Waltenberg,  B.  G.,  The  emissivity  of  metals  and  oxides:  Bureau  of  Standards 
Scientific  Paper  242, 1914-15,  p.  697. 

g  CoblentE,  W.  W.,  The  reflecting  power  of  various  metals:  Bureau  of  Standards  Scientific  Paper  152, 1911, 
p.  197. 
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Forsythe"  at  IjOOO"*  and  2,400"*  C.  as  0.44  and  0.37.     Hasselberg*  has 
determined  the  niunerous  lines  of  the  spectrum  of  molybdenum* 

As  already  stated,  molybdepum  produced  by  the  reduction  of 
molybdic  oxide  with  carbon  in  hn  electric  furnace  does  not  possess 
the  same  physical  properties  as  pure  molybdenum,  owing  to  its 
absorption  of  carbon.  Metal  obtained  by  this  method  is  gray  and 
brittle.  It  is  also  very  hard  and  scratches  steel  and  quartz;  even 
the  hardest  file  will  not  cut  it  when  it  contains  a  certain  proportion 
of  carbon.  The  melting  point  of  the  gray  metal  is  much  below  that 
of  pure  molybdenum,  and  its  specific  gravity  is  also  lower,  ranging 
from  8.6  to  8.9,  depending  on  the  amount  of  carbon  present.  When 
pure  molybdenum  is  surrounded  with  carbon  and  heated  to  about 
1,500°  C,  it  absorbs  carbon  and  becomes  hard.  Inversely,  if  carbon- 
bearing  molybdenum  is  melted  with  molybdenum  dioxide,  the  carbon 
in  the  metfiJ  is  oxidized  and  the  molybdenum  is  refined  and  takes 
on  the  physical  properties  of  the  pure  metal.^ 

CHEMICiX  PBOFERTIES  OF  MOLTBDENUM. 

Metallic  molybdeniun  is  only  slowly  oxidized  at  ordinary  tem- 
peratures, and  drawn  molybdenum  wire  retains  its  luster  almost  indefi- 
nitely. On  prolonged  heating  at  a  dull-red  heat  it  becomes  covered 
with  a  white  coating  of  molybdic  trioxide,  and  at  600°  C.  it  oxidizes 
rapidly  and  the  trioxide  formed  sublimes. 

Fluorine  attacks  molybdenum  at  ordinary  temperatures,  chlorine 
at  a  dull-red  heat,  and  bromine  at  a  cherry  red,  and  iodine  does  not 
attack  it  appreciably  at  temperatures  as  high  as  700°  to  800°  C. 
Molybdenum  is  readily  attacked  by  nitric  acid  but  is  not  affected  by 
hydrochloric  acid,  and  sulphuric  acid  attacks  it  only  when  hot  and 
concentrated.  Fused  alkalies  act  only  slowly  on  the  metal,  but 
fused  oxidizing  salts,  such  as  potassium  nitrate,  sodium  peroxide,  and 
potassiiun  chlorate,  attack  it  rapidly. 

Molybdeniun  combines  with  oxygen  to  form  several  oxides,  the 
three  most  stable  of  which  are  the  sesquioxide  (MojO,),  the  dioxide 
(MoO,),  and  the  trioxide  (MoO,).  The  first  two  of  these  are  basic, 
and  few  of  their  salts  have  been  studied.  The  trioxide  is  acid.  It 
is  yellow  when  hot  and  white  when  cold.  It  is  precipitated  from 
solutions  in  hydrated  form  by  nitric  and  hydrochloric  acids,  but  is 
soluble  in  dilute  sulphuric  acid  and  the  alkalies.  When  the  hydrated 
oxide  is  gently  ignited,  it  becomes  dehydrated  and  much  more  diffi- 
cultly soluble  in  dilute  acids.  When  the  trioxide  is  heated,  it  sub- 
limes, sublimation  commencing  at  400°  to  450°  C. 

a  Mendwilwll,  C.  E.,  and  Foraythe,  W.  £.,  The  relation  between  blackbody  and  true  temperatures  (or 
tungaten,  tantahun,  molybdenum,  and  carbon,  and  the  temperature  variation  of  their  reflective  power: 
Aatrophys.  Joor.,  voL  37,  1013,  pp.  380-390. 

b  Haeselberg,  B.»  Die  Spectra  der  HetaUe  im  electrischen  Flammenbogen;  Spectrum  dee  Motybdans: 
K.  STBOska  vet.  Acad.  Handb.,  Ny  F51.,  Bd.  36,  No.  2, 1902,  p.  1. 

c  MoisBan,  Henri,  Traits  de  chimie  min^role,  t.  4, 1904,  p.  689. 
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A  lai^e  number  of  elements  combine  with  molybdic  oxide  to  form 
moljbdates.  Of  these,  sodium  molybdate,  Na,Mo04,  potassium 
molybdate,  E[2Mo04,  and  ammonium  molybdate,  (NH4)2Mo04,  are 
the  chief  soluble  salts  of  molybdenmn.  The  first  two  of  these  are 
formed  by  fusion  of  the  trioxide  with  the  requisite  amount  of  sodium 
potassium  carbonate.  The  latter  is  formed  by  the  action  of  con- 
centrated ammonia  on  the  trioxide.  The  heavy  metals,  such  as 
barium,  calcium,  and  lead,  form  molybdates  which  are  insoluble, 
and  use  of  this  fact  is  made  in  analytical  work.  Besides  the  normal 
molybdates  of  the  form  X'2Mo04  many  complex  molybdates  such 
as  phospho-molybdates  exist. 

With  the  halogens  molybdenxmi  forms  several  compounds  which 
vary  greatly  in  stability.  One  compound,  M0O32HCI,  is  of  impor- 
tance as  it  is  volatile  at  250^  C.  and  its  formation  affords  a  means  of 
separating  molybdenum  from  tungsten. 

Molybdenum  forms  two  principal  sulphides,  M0S3  and  MoSj,  both 
insoluble  in  dilute  sulphuric  and  hydrochloric  acids.  These  sulphides 
dissolve  in  the  alkaUes  to  form  thiomolybdates  of  the  order  X'2MoS4, 
which  react  with  acids  to  form  sulphur,  hydrogen  sulphide,  molyb-^ 
denum  disulphide,   and  molybdenum  trisulphide. 

Molybdenum  combiaes  with  nitrogen,  phosphorus,  boron,  carbon, 
and  silicon.  More  complete  references  on  the  chemical  properties  of 
molybdenum  are  given  by  Roscoe  and  Schorlenuner,*  who  have 
been  quoted  freely  in  the  foregoing  discussion.  Moissan  *  also 
gives  detailed  data  on  the  chemistry  of  molybdemmi. 

USES  OF  MOLYBDENUM. 

The  principal  use  of  molybdemmi  is  in  the  manufacture  of  alloy 
steels  to  which,  particularly  in  conjunction  with  chromium,  manga- 
nese, nickel,  cobalt,  tungsten,  and  vanadium,  it  imparts  many  desirable 
properties.  These  steels  are  used  for  a  large  variety  of  purposes  such 
as  for  crank-shaft  and  propeller-shaft  forgings,  high-pressure  boiler 
plate,  guns  of  large  bore,  rifle  barrels,  armor  plate,  armor-piercing 
projectiles,  permanent  magnets,  wire,  and  for  self-hardening  and 
high-speed  machine  tools.  Metallic  molybdemim  is  used  in  various 
electrical  contact  making  and  breaking  devices  in  X-ray  tubes,  and 
in  voltage  rectifiers,  and  in  the  form,  of  wire  for  filament  supports  in 
incandescent  electric  lamps,  and  for  winding  electric  resistance  fur- 
naces, and  in  dentistry.  Molybdenum  is  also  employed  in  the  manu- 
facture of  chemical  reagents,  dyes,  glazes,  disinfectants,  etc. 

''  Roecoe,  H.  E.,  and  Schorlemmer,  C,  A  treatise  on  chemistry,  vol.  2, 1913,  pp.  1059-1082. 
b  Moissan,  Henri,  Traits  de  chimie  nUn^rale,  t.  4, 1904,  pp.  685-758. 
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2COLYBDENTJM  STEELS. 

• 

The  early  experimenters  with  the  use  of  molybdenum  in  steel  were 
almost  unanimous  in  condemning  the  metal.  Thomas  Blair,  of  Shef- 
field, England,  in  a  pamphlet  published  in  1894,*  quotes  a  case  ''wliere 
1  per  cent  of  molybdenum  rendered  good  iron  red-short,  and  utterly 
worthless."  The  poor  results  obtained  by  most  of  the  pioneer  inves- 
tigators were  due  to  two  main  causes — first,  the  molybdenum  powder 
or  ferromolybdenum  used  in  making  the  steels  was  generally  highly 
impure,  containing  sufficient  amounts  of  sulphur,  oxides,  and  other 
deleterious  substances  to  spoil  any  steel.  Second,  the  few  molyb- 
denum steels  that  were  prepared  in  such  a  manner  as  to  be  free 
from  objectionable  impurities  were  generally  ruined  by  improper 
heat  treatment.  It  is,  therefore,  not  surprising  that  at  the  outset 
the  element  received  a  ''black  eye,"  and  this  bad  reputation  has 
been  an  important  factor  in  delaying  a  more  general  recognition  of 
the  value  of  molybdenum  in  the  manufacture  of  special  steels. 

Thomas  Swinden  was  probably  the  first  to  conduct  a  thorough 
investigation  of  a  series  of  strictly  comparable  carbon-molybdenum 
steels  ranging  in  composition  up  to  8  per  cent  molybdenum  and  1.2 
per  cent  carbon.  Besides  proving  the  extreme  susceptibility  of  these 
steels  to  heat  treatment  and  that  they  were  easily  ruined  by  even  a 
short  heating  at  950°  C.  followed  by  a  prolonged  cooling,  he  showed 
that  the  molybdenum  increased  the  tendency  of  the  steel  t6  harden 
on  cold  working,  and  that  the  effects  of  oU  quenching,  followed  by 
tempering,^were  increased  by  its  presence.  Further,  his  investigation 
demonstrated  that  the  effect  produced  by  molybdenum  depended  to 
a  large  degree  upon  the  treatment  of  the  steels.  With  normalized 
steels,  molybdenum  considerably  increased  the  tensile  strength  with 
only  a  sUght  reduction  of  ductiUty,  and  this  influence  was  most 
marked  in  high-carbon  steels.  Hardened  and  tempered  steels  con- 
taining 1  to  2  per  cent  of  molybdenum  showed  extremely  high  tenacity 
values,  accompanied  by  high  ductihty,  but  when  steels  with  higher 
percentages  of  molybdenum  were  hardened  and  tempered,  they 
actually  became  inferior.  Annealed  steels  diminished  in  strength  and 
ductility  as  the  molybdenum  content  increased,  and  this  diminution 
was  noticeable  when  0.9  per  cent  or  more  of  carbon  was  present. 
Throughout  Swinden's  tests  the  influence  of  carbon  in  the  presence 
of  molybdenum  was  marked,  and  there  is  no  doubt  that,  like  tung- 
sten, molybdenum  assists  in  producing  hardness  by  helping  to  retain 
the  c-irbon  in  solid  solution.  The  results  of  Swindon's  work  appear 
in  two  excellent  papers.^    It  suflSces  here  to  say  that  in  a  general 

a  Tungsten  and  chromium  alloys. 

b  Swinden,  T.,  Carbon  molybdenum  steels:  Carnegie  Scholarship  Memoirs,  Iron  and  Steel  Inst.  (London) 
vol.  3, 19n,  pp.  66-124;  and  A  study  of  the  constitution  of  carbon-molybdenum  steels,  ibid.,  vol.  5, 1913, 
pp.  100-168. 
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way  molybdenum  acts  similarly  to  tungsten  in  steel;  but  that  it  is 
much  more  active — that  is,  less  of  it  need  be  used  to  produce  a  given 
result^  as  might  be  suspected  from  its  lower  atomic  weight  (96)  as 
compared  with  that  of  timgsten  (184).  It  is  impossible  to  give  any 
absolute  figures  as  to  the  relative  influence  of  the  two  elements,  as 
their  effects-  are  not  exactly  similar.  Quillet  ^  suggested  that  the 
effective  ratio  of  molybdenum  to  timgsten  was  1  to  4,  but  this  is 
probably  too  high.  Giesen  *  gives  the  ratio  as  1  to  2.225,  and  from 
the  tests  correlated  by  Swinden  it  is  seemingly  between  1  to  2  and 
1  to3. 

MANUFACTURE   OF  MOLYBDENUM   STEELS. 

The  crucible  process  is  generally  used  in  the  manufacture  of 
molybdenum  steel,  and  the  molybdenum  is  added  in  the  form  of 
molybdenum  powder,  f  erromolybdenum,  or  other  molybdenum  alloys. 
Molybdenum  steel  can,  however,  be  made  in  the  electric>  furnace, 
and  also  by  the  open-hearth  process.  It  has  also  been  produced  on 
an  experimental  scale  in  the  electric  furnace  directly  from  a  mixture 
of  hematite  and  molybdenite  with  coke,  lime,  and  fluorspar.^ 

In  adding  molybdenum  to  steel  it  is  generally  advantageous  to 
use  f erromolybdenum,  ordinarily  containing  about  80  per  cent  Mo, 
as  the  melting  point  of  this  alloy  is  several  hundred  degrees  centigrade 
lower  than  that  of  the  ordinary  commercial  brands  of  powdered 
molybdenum.  Further,  powdered  molybdenum  seemingly  is  more 
prone  to  oxidation  than  the  ferro-alloy,  but  on  the  other  hand  it  gen- 
erally contains  4  or  6  per  cent  of  various  oxides  of  molybdenum  which 
may  aid  in  removing  e^^cess  carbon. 

As  molybdenum  is  generally  used  in  steel  in  conjunction  with 
chromium,  timgsten,  nickel,  vanadium,  etc.,  it  is  often  added  in  the 
form  of  alloys  with  these  metals.  Standard  alloys  of  this  type  on  the 
market  are  chrome-molybdenum,  with  50  per  cent  molybdenum  and 
60  per  cent  chromium;  molybdenum-nickel,  with  75  per  cent  molyb- 
denum and  25  per  cent  nickel ;  and  f erromolybdenum-timgsten,  con- 
taining molybdenum  and  tungsten  in  the  proportion  of  3  to  1.  From 
1  to  7  per  cent  vanadium,  according  to  specifications,  is  sometimes 
added  to  the  last-mentioned  alloy. 

USB   OF   MOLYBDENUM   IN  TOOL   STEELS. 

Molybdenum  acts  similarly  to  tungsten  in  the  presence  of  chromium 
and  manganese,  and  in  combination  with  either  of  these  elements 
and  carbon  it  produces  a  self-hardening  steel  which  is  said  to  be  a 

a  Quillet,  Leon,  Revue  de  M^Uurgle,  1904,  p.  390. 

^  Qlesen,  Walter,  The  special  steels  in  theory  and  practice:  Carnegie  Scholarship  Memoirs,  Iron  and 
Steel  Inst.  (London),  vol.  1, 1909,  p.  31. 

e  Keeney,  R.  M.,  The  production  of  steels  and  ferroalloys  directly  from  on  in  the  electric  furnace:  Car- 
negie  Scholarship  ICemoirs,  Iron  and  Steel  Inst.  (London),  vol.  4, 1912,  pp.  108-184.  Describes  produo* 
tiOQ  of  molybdenum  steel  (pp.  173-175). 
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little  tougher  than  the  corresponding  tungsten  steel.  A  typical  steel 
of  this  kind  is  one  containing  4  to  6  per  cent  molybdenum,  1  to  2  per 
cent  chromium,  and  1.85  per  cent  carbon.  Molybdenum  likewise 
has  the  same  properties  as  tungsten  with  reference  to  producing  the 
high-speed  qualities  that  enable  a  steel  to  retain  its  temper  and  hard- 
ness at  a  red  heat.  These  qualities  are  developed  by  cooling  the 
steel  moderately  fast  from  a  high  temperature,  treatment  that  pre- 
vents the  usual  critical  changes  and  keeps  the  steel  in  the  austenitic 
condition.  It  is  beUeved  by  many  that  high-speed  steels  produced 
with  molybdenum  are  superior  to  the  corresponding  timgsten  steels, 
both  as  regards  toughness  and  durability.  It  is  stated  that  they 
take  a  fine  cutting  edge.  According  to  Gledhill,**  one  of  the  qualities 
of  molybdenum  high-speed  steel  is  that  it  does  not  require  such  a 
high  temperature  in  hardening  as  does  tungsten  steel,  and  he  states 
that  if  a  temperature  of  1,000®  C.  is  exceeded,  the  tools  made  from 
the  steels  are  inferior  and  their  life  shortened.  Carpenter^  states, 
on  the  other  hand,  that  molybdenum  steels  should  be  heated  to  1,000® 
to  1,100®  C.  before  they  are  cooled,  whereas  tungsten  steel  must  be 
heated  to  about  1,200®  C.  The  superior  toughness  of  molybdenum 
high-speed  steels  is  attributed  to  the  fact  that  they  contain  more 
iron,  as  less  molybdenum  need  be  used  to  obtain  the  same  result  as 
with  tungsten,  and  also  because  a  lower  heat  is  required  in  tempering 
them. 

Certain  difficidties,  however,  have  been  encountered  in  the  use  of 
molybdenum  tool  steels.  Some  users  say  that  they  are  Uable  to  crack 
in  quenching,' and  others  that  they  do  not  hold  their  cutting  edge  after 
retreatment  as  well  as  before.  This  deterioration  in  the  steel  upon 
repeated  heating  for  dressing  and  treatment  has  been  ascribed  to  the 
disappearance  of  molybdenum  from  the  outer  skin  of  the  steel  through 
volatilization.  In  a  few  instances  service  tests  with  these  steels  have 
shown  irregular  cutting  speeds  and  have  indicated  a  tendency  of  the 
molybdenimi  to  render  the  took  brittle  and  weak  in  their  bodies. 
Some  users  have  found  that  molybdenum  tool  steel  was  apt  to  be 
seamy  and  to  contain  physical  imperfections,  also  that  it  is  apt  to 
fire-crack  during  treatment.  Molybdenum  tool  steels  of  high  cerbon 
content  require  great  slrill  in  their  preparation  owing  to  the  diflSiculty 
of  judging  by  color  the  definite  temperature  required  for  hardening. 
Further,  great  care  in  anneaUng  molybdenum  steel  is  necessary  after 
it  has  been  worked  into  bars  and  before  it  is  cut  into  shapes  for  tools, 
and  previous  to  hardening. 

Some  of  the  objectionable  features  mentioned  above,  and  perhaps 
most  of  them,  are  due  to  the  use  of  impure  ingredients  in  the  manu- 
facture of  the  steels'  or  to  improper  heat  treatment,  and  imdoubtedly 

a  Gledhill,  7.  iC.,  The  development  and  use  of  high-speed  tool  steel:  Jour.  Iron  and  Steel  Inst.,  No.  11, 
19M,  pt.  2,  pp.  127-182. 
b  Carpeotar,  HJ^-speed  tool  steels:  Jour.  Iron  and  Steel  Inst.,  No.  1, 1905,  p.  460. 
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many  of  them  can  be  overcome.  However,  most  manufacturers,  par- 
ticularly in  this  country,  have  almost  entirely  discontinued  the  use  of 
molybdenum  as  a  major  constituent  in  tool  steel  and  are  now  using  it 
largely  in  a  minor  capacity  in  conjunction  with  tungsten,  cobalt,  etc. 
Used  in  this  way  many  of  the  difficulties  mentioned  above  have  been 
overcome,  and  the  residting  steels  have  at  the  same  time  required 
certain  superior  quaUties  imparted  by  the  molybdenum.  A  charac- 
teristic steel  of  this  type  is  one  with  16  to  18  per  cent  txmgsten,  1.5 
to  2  per  cent  molybdenum,  4  to  4.5  per  cent  chromium,  and  0.6  per 
cent  carbon,  and  it  is  said  to  be  superior  in  cutting  efficiency  to  the 
corresponding  tirngsten-chromium  steel.  It  is  also  stated  that  the 
addition  of  the  molybdenimi  in  this  steel  results  in  a  finer  texture  and 
lessens  the  chances  of  injuring  the  steel  previous  to  hardening.  The 
addition  of  molybdenimi  is  particularly  conmaon  in  high-speed  steels 
where  cobalt  is  used  in  conjunction  with  timgsten.  This  type  of  steel 
contains  about  16  to  18  per  cent  timgsten,  4  to  5.5  per  cent  cobalt, 
and  0.25  to  1.5  per  cent  molybdenum.  Small  percentages  of  vana- 
dium are  sometimes  used  in  connection  with  molybdenum  and  tung- 
sten in  tool  steels  and  are  said- to  increase  their  strength  and  cutting 
efficiency.  An  analysis  of  such  a  steel  containing  both  vanadium  and 
cobalt  in  conjunction  with  timgsten,  chromium,  and  molybdenum^ 
and  known  as  iridium  steel,  foUows: 


Approximate  average  analysis  of  iridium  steel  A 


Constituent.  Per  cent. 

Cobalt 4.25 

Tungsten 16. 00 

Chromium 3. 55 

Vanadium 67 

Molybdenum 80 


Percent 


Low. 


Constituent. 

Manganese 

Silicon 

Sulphur 

Phosphorus 

Carbon 0. 60 

Iron 6  74.00 


It  is  stated  that  this  iridium  steel  will  do  60  per  cent  more  work 
than  the  best  timgsten  steel. 

The  introduction  of  high-speed  tool  steels  has  completely  revolu- 
tionized machine-shop  practice,  Gledbill  ^  states  that,  as  compared 
with  cutting  speeds  of  30  to  50  feet  per  minute  for  ordinary  crucible 
steel,  high-speed  steels  are  now  made  that  will  cut  500  feet  per 
minute  on  steel,  and  drill  cast  iron  at  the  rate  of  25  inches  per  min- 
ute. Planing  speeds  of  15  to  25  feet  per  minute  have  been  increased 
to  50  and  60  and  even  to  80  feet  per  minute.  The  high-speed  twist 
drill  has  also  made  radical  changes  in  practice.  To-day  it  is  cus- 
tomary to  stack  small  plates  and  drill  them  instead  of  punching 
them,  not  only  saving  time,  but  avoiding  the  liability  of  injuring  the 

a  Hess,  F.  L.,  Cobalt,  Mineral  Resources,  U.  S.,  1912,  U.  S.  Geol.  Survey,  1913,  p.  967. 
b  Approximate. 

e  Gledhill,  J.  M.,  The  development  and  use  of  high-speed  tool  steel:  Jour.  Iron  and  Steel  Inst.,  No.  11, 
1904,  pp.  127-182. 
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metal  by  straining  it.  The  plates  for  torpedo  boats  are  now  drilled 
instead  of  punched.  It  was  formerly  the  custom  to  core  in  the  holes 
in  pipe  flanges,  but  they  are  now  drilled. 

USE   OF  MOLYBDENUM   IN   MAGNET   STEEL. 

The  molybdenum  steels  used  in  making  permanent  magnets  are 
similar  in  composition  to  the  high-speed  molybdenum  steels.  They 
generally  contain  2  to  3  per  cent  molybdenum,  0.5  to  0.7  per  cent 
carbon,  and  sometimes  about  0.5  per  cent  chromium.  After  harden- 
ing they  retain  their  magnetism  longer  than  hardened  carbon  steel, 
and  are  said  to  be  superior  to  tungsten  magnet  steels.  Some  steels 
of  this  type  contain  up  to  6  per  cent  molybdenmn. 

USE  OF  MOLYBDENUM   IN   ACID-BESISTING   STEELS. 

Alloyed  with  chrojnimn,  and  sometimes  with  chromium  and 
tmigsten,  molybdenum  is  used  in  preparing  acid-resisting  steels. 
Borchers  *  states  that  an  alloy  containing  2  to  5  per  cent  molybde- 
num, about  10  per  cent  chromium,  and  a  little  or  no  carbon,  is  prac- 
tically acid  proof.  Molybdenum-tungsten-chromium-iron  alloys  have 
also  been  made  that  are  insoluble  in  hydrochloric,  sulphiuic,  or  nitric 
acid,  and  an  alloy  containing  60  per  cent  chromium,  35  per  cent  iron, 
and  2  to  3  per  cent  molybdenum  is  said  to  resist  even  the  action  of 
boiling  aqua  r^a.*  Differences  in  the  heat  treatment  of  these 
alloys  have  a  great  effect  on  their  acid-resisting  qualities. 

USE   OF  MOLYBDENUM   IN   OTHER  ALLOY   STEELS. 

Molybdenum  is  used  in  conjimction  with  chromimn  and  nickel  to 
produce  steels  with  a  wider  heat-treatment  range  and  with  even 
greater  tensile  strength  than  are  possessed  by  chrome-nickel  steel. 
These  chrome-nickel-molybdenum  steels  contain  about  1  per  cent 
chromium,  2  to  3  per  cent  nickel,  and  0.25  to  0.5  per  cent  molybde- 
num, and  on  account  of  their  high  tensile  strength  and  elastic  limit, 
they  have  a  range  of  usefuhiess  that  is  limited  only  by  their  cost. 
These  properties  make  them  of  special  value  for  crank  shafts,  pro- 
peller shafts,  and  other  machine  parts  that  are  subjected  to  alter- 
nating and  repeated  stresses.  For  example,  they  are  used  to  some 
extent  in  the  frames  and  axles  of  automobiles  and  raiboad  rolling 
stock.  The  high  tensile  strength  of  these  steels  is  also  responsible 
for  their  use  in  the  best  grades  of  high-pressure  boiler  plate  such  as 
is  used  on  torpedo  boats.  They  are  also  employed  in  making  guns 
of  lai^e  bore,  and  rifle  barrels,  and  for  such  use  they  have  the  added 
advantage  of  being  highly  resistant  to  the  erosive  action  of  the  gases 
generated  by  the  explosives. 

a  Borchjers,  W„  Aoid-ieslstixig  alloys;  Engineer  (London),  vol.  114,  July  26, 1912,  p.  83. 

b  Benner,  B.  C,  Beoent  advances  in  industrial  chemistry:  Min.  and  Sd.  Press,  vol.  105, 1912,  p.  629. 
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It  has  been  found  that  the  addition  of  a  small  percentage  of 
molybdenum  is  advantageous  in  the  manufacture  of  armor  plate 
and  shields  for  small  gons.  The  molybdenmn  is  said  to  make  the 
steel  softer  when  it  is  annealed  so  that  it  can  be  planed  more  readily, 
and  upon  hardening,  the  molybdenum  content  produces  an  increased 
tensile  strength.  The  exact  compositions  of  the  various  molybde- 
num steek  used  in  armor  plate  are,  of  course,  carefully  guarded 
secrets.  Stoughton  ^  states  that  Krupp  annor  plate  (probably  of 
early  manufacture)  contains  about  3.25  per  cent  nickel,  1.5  per  cent 
chromium,  and  0.25  per  cent  carbon«  The  assumption  is  safe  that  the 
introduction  of  0.25  to  0.5  per  cent  of  molybdenum  in  a  steel  of  this 
composition  would  increase  both  its  hardness  and  its  tensile  strength. 

The  use  of  molybdenum  in  connection  with  chromium  is  reported 
for  producing  steels  of  great  hardness  and  high  elastic  limit,  which 
are  employed  in  the  manufacture  of  armor-piercing  projectiles. 
About  1  per  cent  of  molybdenum  added  to  a  nickel  steel  is  said  to 
impart  to  it  remarkable  drawing  quaUties. 

FERBOMOLYBDENUM. 

Ferromolybdenum  has  been  used  for  electrodes  in  arc  lamps.* 

USE  OF  MOIiYBDENTTM  IN  STEIXITE. 

Small  percentages  of  molybdenum  are  used  in  certain  patented  non- 
ferrous  alloys  consisting  essentially  of  chromium  and  cobalt.  These 
alloys  are  Imown  under  the  trade  name  of  '^Stelhte,"  and  possess  re- 
markable high-speed  quaUties  when  used  for  machine  tools.  They 
are  also  employed  for  cold  chisels,  wood-working  tools,  cutlery,  etc. 
Their  use  in  cutlery  is  of  particular  interest  as  they  do  not  tamish 
under  atmospheric  influences  and  are  unaffected  by  fruit  adds. 

In  so  far  as  molybdenimi  is  concerned,  two  steUite  alloys  are  of 
interest,  namely,  those  containing  cobalt,  chromium,  and  molybdenum, 
and  those  containing  cobalt,  chromium,  timgsten,  and  molybdenum. 
Haynes,*'  the  inventor  of  these  alloys,  says: 

When  molybdenum  Is  added  to  a  15  per  cent  cobalt-chrondum  alloy  [15  per  cent 
chromium],  the  alloy  rapidly  hardens  as  the  molybdenimi  content  increases,  until 
the  content  of  the  latter  metal  reaches  40  per  cent,  when  the  alloy  becomes  exceed- 
ingly hard  and  brittle.  It  cuts  keenly  and  deeply  into  glass,  and  scratches  quartz 
crystal  with  ease.  It  takes  a  beautiful  polish,  which  it  retains  under  all  conditions, 
and  on  account  of  its  extreme  hardness  its  surface  is  not  readily  scratched.  When 
25  per  cent  of  molybdenimi  is  added  to  a  15  per  cent  chromium  alloy,  a  fine-grained 
metal  results,  which  scratches  glass  somewhat  readily,  and  takes  a  strong,  keen  edge. 
Its  color  and  luster  are  magnificent,  and  it  will  doubtless  find  a  wide  application  for 
fine,  hard  cutlery.  It  can  not  be  forged,  but  casts  readily,  and  its  melting  point  is  not 
abnormally  high. 

a  Stoaghton,  Bradley,  The  metallurgy  of  iron  and  steel,  1908,  p.  407. 
b  Editorial,  Molybdenite:  Min.  and  Sci.  Press,  vol.  104, 1912,  p.  781. 

«  Hftynee,  Elw^ood,  Alloys  of  cobalt  with  chrofminm  and  other  metak:  Trans.  Am.  Inst.  Min.  Eng., 
YfA.  a,  1912,  pp.  570-677. 
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Those  stellite  alloys  are  silvery-white.  They  ^re  insoluble  in  nitric 
acid  and  are  only  slowly  attacked  by  hydrochloric  acid.  Following 
is  the  analysis  of  a  typical  molybdenxun  steUite. 

Ancdysia  of  a  typical  molybdenum  9tellite.<^ 
Constitoeiit.  Per  cent. 

Mo 22.50 

Co 59.50 

Cr 10.77 

Fe 3.11 

Mn '. 2.04 

C 87 

Si 77 

S .084 

P 040 

W 00 

Ni 00 

99.684 
USES  OF  XETALUC  MOIiYBDENTTM. 

The  uses  of  metallic  molybdenxun  have  been  greatly  extended  by 
the  discovery  of  certain  processes  by  which  it  can  be  obtained  in 
ductile  form.^  As  wire,  it  is  used  for  supporting  the  filaments  in  in- 
candescent electric  lamps.  Of  course,  the  quantity  of  the  element 
used  in  a  single  lamp  of  ordinary  candlepower  is  extremely  small, 
but  in  argon-nitrogen-tungsten  lamps  of  high  candlepower  the  mo- 
lybdenum supports  are  of  very  appreciable  size  and  weight.  Molyb- 
denum wire  is  also  employed  for  winding  electric  resistimce  furnaces, 
and  for  this  use  it  has  proved  both  cheaper  and  superior  to  platinum 
because  of  the  quicker  heating  and  the  higher  temperatures  attaina- 
ble.^ In  this  work  it  must,  of  course,  be  protected  from  the  air  to 
prevent  its  oxidation. 

Molybdenum  has  been  successfully  substituted  for  platinum  and 
for  platinum  iridium  in  various  electric  contact  making  and  breaking 
devices.  On  accoimt  of  its  high  heat  conductivity  in  the  ductile 
form,  and  because  its  relative  cheapness  permits  its  use  in  large 
masses,  the  formation  of  heavy  coatings  of  nonconducting  oxide  are 
prevented,  and  under  the  conditions  existing  in  these  contacts,  any 
thin  coatings  of  oxide  formed  are  conductors.  The  CooUdge  X-ray 
tube  and  a  voltage  rectifier  of  recent  manuf actmre  have  a  very  con- 
siderable proportion  of  ductile  molybdenum  used  in  their  construction. 
Gold-covered  molybdenum  wire  is  used  in  dentistry  to  a  considerable 
extent,  and  research  work  is  being  carried  on  to  extend  the  use  of 
special  molybdenum  alloys  in  this  field.^ 

a  HJbbard,  H.  !>.,  Mminfacture  and  uses  ot  alloy  steelB:  BalL  100,  Bureau  of  Minas,  1915,  p.  01. 

»  Bee  OooUdgB,  W.  J).,  U.  8.  Patent  1082B33,  Dec.  30, 1913. 

e  Wfama,  B.,  and  Dantatoen,  C,  Small  electric  furnace  with  heating  element  of  ductile  tungsten  or  ductile 
mdybdennm:  Jour,  Ind.  and  Eng.  Chem.,  vol.  3,  October,  1911,  p.  770. 

d  Fahreawald,  F.  A.,  A  development  of  practical  substitutes  for  platinum  and  its  alloys,  with  special 
ratevioa  to aUoyaof  tcmgrtcp and molyWtoinTn :  Am.  Inst.  Min.  Eng.,  Bull.  109,  January,  1916, pp.  10&-149. 
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• 
It  is  suggested  that  molybdenmn  may  be  successfully  used  with 

tungsten  as  a  thermocouple  for  the  measurement  of  high  tempera- 
tures. The  advantage  in  the  use  of  these  metals  is  that  they 
have  much  higher  fusing  points  than  platinum,  platinimi-iridiiun,  or 
platinum-rhodium  couples,  such  as  are  ordinarily  used,  and  although 
they  oxidize  at  high  temperatures,  they  might  be  protected  from  the 
air  by  covering  them  with  fused  magnesia  or  similar  substances.  The 
voltage  curve  of  the  molybdenum-tungsten  couple  has  been  studied 
by  Northrup.** 

USE  OF  MOLYBBENUIC  IN  CHEMICALS. 

The  chief  use  of  molybdenum  in  chemicals  is  as  ammonium  molyb- 
date,  (NH4)jMo04,  and  sodium  molybdate,  Nag  M0O4.  The  first  is 
employed  principally  as  a  reagent  in  the  quantitative  detennina- 
tion  of  phosphorus  in  iron  and  steel,  various  ores,  fertilizers,  soils, 
etc.,  and  in  the  quantitative  determination  of  lead.  The  equivalent  of 
several  tons  of  metallic  molybdenum  is  said  to  be  consumed  annually 
in  this  form  by  the  iron  and  steel  plants  in  the  United  States  for  the 
determination  of  the  phosphorus  content  of  their  products.  It  is 
reported  that  ammonium  molybdate  is  also  used  for  fireproofing,  and 
as  a  disinfectant  for  cloth  used  in  railroad  coaches  and  for  similar 
purposes.  It  is  said  to  be  a  strong  germicide.  Sodium  molybdate 
was  at  one  time  used  rather  extensively  in  ceramics  to  impart  a  blue 
color  to  pottery  and  m  the  manufacture  of  certain  glazes,  but  it  is 
understood  to  have  been  replaced  almost  wholly  in  this  field  by 
cobalt  compounds.  It  is  also  used  in  dyeing  silks  and  woolens. 
Molybdenum  indigo,  MogOy,  is  used  for  coloring  rubber  and  is  said 
to  bo  noninjurious  to  the  material.^ 

Fast  colors  in  a  large  variety  of  shades  may  be  produced  on  leather 
by  employing  molybdenum  tannate  in  conjunction  with  logwood 
extracts.  ^ 

A  process  involving  the  use  of  molybdenum  for  the  preservation 
of  cordite  in  hot  climates  is  said  to  have  been  discovered  in  France.^ 
It  is  also  nunored  that  molybdenum  is  used  in  the  synthetic  pro- 
duction of  ammonia  under  processes  covered  by  German  patents 
and  in  which  it  is  said  to  act  as*  a  ''promoter''  to  the  catalyzers  used. 
It  is  well  known  that  ammonia  may  be  made  by  heating  molybde- 
num oxide  or  molybdenum  hydroxide,  or  mixtures  of  the  two,  to 

o  Northrup,  E.  F.,  Tungsten  and  molybdenum;  their  thermal  E.  M.  F.:  Met.  and  Chem.  Eng.,  vol.  11, 
January,  1913,  p.  45. 

b  Hess,  F.  L.,  Tungsten,  nickel,  cobalt,  etc.:  Mineral  Resources  U.  S.  for  1908,  U.  S.  Geol.  Survey,  1909, 
p.  746. 

c  Pozzi-Escot,  £.,  Production  de  coluers  fixes  sur  tons  genres  de  culrs,  i>ar  Pemploi  de  sels  de  molybdtee 
combines  k  des  matierte  tannantes  ou  k  des  coluers  mordantes  vegetales:  Compt.  rend.,  t.  135, 1902, 
p.  801. 

d  Editorial,  Molybdenite:  Min.  and  Sci.  Press,  vol.  108, 1914,  p.  860. 
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about  500°  to  600®  C.  with  equal  eqval  parts  of  nitrogen  and  hydro- 
gen, and  under  a  pressure  of  about  60  atmospheres,  to  form  molyb- 
denum nitride,  which  when  heated  in  a  vacuum  yields  ammonia  and 
metallic  molybdenum.^ 

PRODUCTION  OF  MOLYBDENUM  ORES. 

Queensland,  New  South  Wales,  and  Norway  have  to  date  fmnished 
the  major  part  of  the  world's  production  of  molybdenum,  the  output 
derived  from  all  other  countries,  including  the  United  States,  prob- 
ably not  amounting  to  10  per  cent  of  the  total.  Austria,  Canada, 
France,  Germany,  Great  Britain,  Japan,  Mexico,  Natal,  Russia,  Swe- 
den, the  United  States,  and  AustraUan  States  other  than  those  men- 
tioned above  have  at  times  made  a  small  production  of  molybdenum 
ore,  but  with  the  exception  of  the  United  States  their  output  has 
been  too  small  to  be  worthy  of  consideration. 

The  following  table  shows  the  tonnage  and  value  of  high-grade 
molybdenite  concentrates  produced  in  Queensland,  New  South 
Wales,  and  Norway  from  1902  to  1914: 

Production  of  high-grade  molybdenite  concentrates  in  Qrieenslandf  New  South  Wales,  and 

Norway,  1902  to  1914^ 


Yflftr. 

Queexislimd.a 

New  South  Wales. » 

Norway,  c 

Short  tons. 

Dollars. 

Short  toiu. 

Dollars. 

Short  toos. 

Dollars. 

1902 

d45.9 

(<26.9 

23.6 

70.8 

11&9 

74.0 

98.7 

103.9 

118.6 

111.4 

114.6 

74.3 

87.1 

rf26,770 
4  10,220 
13,010 
41,340 
74,330 
41,080 
44,960 
45,120 
58,640 
64,610 
84,420 
92,460 
185,830 

16.8 
32.5 
28.3 
21.7 
36.6 
24.2 
9.5 
31.5 
53.2 
23.1 
63.3 
88.3 
68.8 

8,960 
21,690 
13,270 
12,200 
23,350 
17,340 

4,520 
15,810 
27,580 
12,610 
18,080 
33,100 
55,720 

22 
34 
83 
51 
« 1,129 
83 
89 
33 

16,100 

1903 

21,400 
17,400 
16,300 
14,200 
12,900 
13,400 
12,100 

1904 

1905 - 

1906 

1907 

1908 

1909 

1910 

1911 

2 
23 
13 

800 

1912 

5,400 

1913 

3,200 

1914 

a  Data  from  amiiial  reports  of  the  cinder  secretary  of  mines,  Queensland. 
h  Data  on  quantity  exjxMrted  from  annual  report.  Department  of  Mines,  New  South  Wales,  1914. 
c  Data  from  Norses  Berxvaerkdrift,  Norges  Officlelle  StatistOc. 

tf  The  molybdenite  production  of  Queensland  in  1902  and  1903  as  officially  reported  includes  a  small 
tonnage  of  bismuth  and  tungsten  ore. 
«  Probably  ore. 

QUEENSLAND. 

The  first  official  record  of  a  production  of  molybdenite  in  Queens- 
land was  in  1900^  when  the  output  amounted  to  12.3  short  tons  of 
high-grade  material.  The  production  gradually  increased  to  118.9 
short  tons  in  1906,  and  it  varied  little  from  this  figure  until  1913,  when 
it  dropped  to  74.3  tons,  but  rose  again  in  1914  to  87.1  tons.    The 

•  Tucker,  S.  A.,  aad  Moody,  H.  R.,  The  production  of  hitherto  miknown  metallic  borides:  Joor.  Chem. 
Soc,  vol.  81, 1902,  p.  16. 
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value  of  the  production  in  the  latter  year,  however,  showed  an  enor- 
mous  increase,  owing  to  an  advance  in  prices,  and  amounted  to 
$185,830,  or  more  than  twice  the  value  of  the  1913  production,  which 
was  only  slightly  less  in  tonnage.  The  total  production  to  the  end  of 
1914  was  approximately  1,030  short  tons,  valued  at  about  $760,000. 
The  bulk  of  this  material  was  mined  at  Wolfram  Camp,  in  the  Chil- 
lagoe  field,  about  120  miles  southwest  from  Cairns,  in  northern 
Queensland.  The  mines  at  Bamford,  in  the  same  field,  are,  however, 
credited  with  a  small  production.  In  1914  the  principal  producing 
properties  in  the  Wolfram  Camp  district  were  the  Murphy  &  Geaney 
mine,  which  treated  1,233  long  tons  of  ore,  which  yielded  20.2  tons 
of  molybdenite,  valued  at  £9,543,  and  83.4  tons  of  bismuih-tupogsten 
concentrates,  valued  at  £5,558,  and  the  Larkin  &  Wade  mine,  which 
made  a  total  output  of  1,254  long  tons  of  milling  ore,  which  yielded 
9.65  tons  of  molybdenite  and  54.55  tons  of  bismuth-tungsten  con- 
centrates. Other  mines  at  Wolfram  Camp  which  made  smaller  pro- 
ductions of  molybdenite  were  the  GilUan  Lease,  Tulley,  Tulley  Block, 
Hillside  United,  Smith  United,  and  Mulligan  &  Mclntyre.  At  Bam- 
ford the  Trafalgar,  Evening  Star,  Northern  United,  Morning  Star,  and 
Sunny  Comer  mines  made  a  total  output  of  8.55  long  tons  of  high- 
grade  molybdenite. 

The  total  production  of  the  Chillagoe  district  in  1914  was  76.25 
long  tons  of  molybdenite.  The  remainder  of  the  output  came  from 
the  Star  River  (OUera)  district  and  from  a  newly  discovered  field  at 
Glen  Atherton,  on  Upper  Tinaroo  Creek,  in  the  Gladstone  district. 

Detailed  descriptions  regarding  the  occurrence  and  production  of 
molybdenite  in  Queensland  are  given  in  the  annual  reports  of  the 
acting  \mdersecretary  for  mines  and  in  the  references  following: 

Literature  on  occurrence  and  production  of  molybdenite. 

Saint-Smith,  E.G.,  Molybdenite  in  the  Stanthorpe-Ballandean  districts, Southern 
Queensland:  Queens.  Govt.  Min.  Jour.,  vol.  15, 1914,  pp.  184-189. 

Cameron,  W.  E.,  Wolfram,  molybdenite,  and  bismuth  mining  at  Wolfram  Camp, 
Hodgkinson  goldfield:  Queens.  Govt.  Min.  Jour.,  vol.  4, 1903,  pp.  350-352. 

Cameron,  W.  E.,  Wolfram  and  molybdenite  mining:  Queens.  Govt.  Min.  Jour., 
vol.  5, 1904,  pp.  62-65. 

Ball,  L.  C,  The  wolfram,  molybdenite,  and  bismuth  mines  of  Bamford:  Geol.  Surv. 
Pub.  248,  Mines  Dept.,  Queensland. 

Ball,  L.  C,  Rare-metal  mining  in  Queensland — ^r^imi6  of  recent  £eld  studies: 
Queens.  Govt.  Min.  Jour.,  vol.  14,  pp.  4-7. 

NBW  SOT7TH  WALES. 

The  production  of  molybdenite  in  New  South  Wales  was  first 
reported  in  1902.  In  that  year  the  output  was  16.8  short  tons, 
valued  at  $8,960.  The  total  production  to  the  end  of  1914  was 
498  short  tons,  valued  at  over  $264,000. 
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The  principal  producing  molybdenite  mines  are  at  Whipstick  in 
the  Pambnla  division,  at  Kingsgate  in  the  Glenn  Innes  division,  and 
near  Deepwater  in  the  Deepwater  division.  The  annual  report  of  the 
Depajiinent  of  Mines  for  the  year  1914  states  that  at  Whipstick  the 
Whipstick  Mines  (Ltd.)  raised  63  long  tons  of  ore,  estimated  to  con- 
tain 9  tons  of  concentrates,  valued  at  £5,000.  At  Kingsgate,  in  the 
Glenn  Innes  division,  the  Yates  mine  produced  8.75  tons  of  concen- 
trates^ containing  94  per  cent  molybdenite  and  valued  at  £4,700,  and 
the  Glenn  Innes  Molybdenite  and  Bismuth  Syndicate  sold  1.6  long 
tons  of  concentrates  containing  92  per  cent  molybdenite  for  £655. 
The  Sacks  mine  at  Kingsgate  produced  0.85  ton  of  molybdenite, 
valued  at  £340.  In  the  Deepwater  division  the  Bow  Creek  Molyb- 
denite Mines  (Ltd.)  produced  65  long  tons  of  ore,  which  yielded 
1.63  tons  of  concentrates,  valued  at  £735.  In  the  same  division 
11  tons  of  ore,  which  yielded  1.5  tons  of  molybdenite  concentrates, 
valued  at  £700,  was  mined  by  E.  A.  Baker,  and  28  tons  of  ore,  which 
yielded  1.4  tons  of  molybdenite,  assaying  93  per  centMoS^,  and  valued 
at  £667,  was  mined  at  Four  Mile  by  E.  L.  Key.  At  Kocky  Kiver, 
in  the  Tantafield  division,  80  tons  of  molybdenite  ore,  valued  at  £631, 
was  mined,  and  in  the  Bathhurst  division,  38  tons,  valued  at  £800. 
The  table  on  page  29  shows  that  the  greatest  production  of  molyb- 
denite in  New  South  Wales  was  in  1913,  when  88  short  tons,  valued 
at  $33,100,  was  mined,  and  that  in  1914  the  output  decreased  to 
68.8  tons.  On  account  of  the  marked  advance  in  prices,  however, 
the  value  of  the  output  in  the  latter  year  was  more  than  $20,000  in 
excess  of  the  value  of  the  production  in  1913. 

Detailed  descriptions  of  the  occurrence  and  production  of  molyb- 
denite in  New  South  Wales  are  given  in  the  annual  reports  of  the 
department  of  mines.  New  South  Wales,  and  by  Andrews.** 

NOBWAY. 

In  Norway  the  production  of  high-grade  molybdenite  concentrates 
has  averaged  about  30  tons  per  annum  since  1902.  The  table  on 
on  page  29,  in  which  the  output  of  this  country  is  given  by  years, 
shows  that  in  1906  a  production  of  1,129  short  tons, was  reported. 
This  figure  doubtless  does  not  represent  the  output  of  a  high-grade 
molybdenite  concentrate,  but  rather  the  production  of  ore  in  that 
year. 

The  principal  molybdenite-producing  sections  in  Norway  are  the 
Provinces  of  Lister  og  Mandal  and  Nedenes,  on  the  extreme  south- 
em  end  of  the  peninsula.  The  district  of  Fjotland,  in  the  former 
Province,  is  probably  richer  in  molybdenite  than  any  yet  discovered 
in  Norway.    A  mine  at  Knaben,  in  tUs  district,  has  been  the  largest 

a  Andrews,  E.  C,  Molybdenum:  New  South  Wales  Dept  of  Mines  and  Agrieulture^Qeol.  Survey  Min. 
Besouroes,  No.  11, 1906, 17  p. 
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and  probably  the  only  successful  producer  in  Norway.  This  miney 
owned  by  George  G.  Blackwell  &  Sons  Co.,  of  Liverpool,  England, 
has  made  an  average  output  of  about  25  short  tons  per  annum.  In 
1912  about  200  tons  of  low-grade  molybdenite  ore  was  mined  at 
Eeinshommen,  in  Fjotland,  and  about  610  tons  of  ore  averaging 
about  2.4  per  cent  MoS,  at  Langvand.  Of  this  latter  amoimt  390.5 
tons  was  milled,  yielding  0.5  metric  ton  of  concentrates,  assaying  51 
per  cent  of  MoS,,  and  10  tons  of  second  concentrates  running  about 
23  per  cent  MoS,.  <* 

It  is  reported  that  on  accoimt  of  the  increased  demand  and  high 
prices  being  paid  for  molybdenum  a  considerable  interest  is  being 
taken  at  the  present  time  in  developing  some  of  the  numerous  Nor- 
wegian deposits.  The  Ore  Concentration  Co.  (Ltd.),  of  London,  has 
recently  tested  several  parcels  of  Norwegian  molybdenite  ore  aggre- 
gating over  100  tons.  This  company  states  that  the  Elmore  oil- 
flotation  process  is  in  use  at  two  mines  in  Norway,  and  that  large 
quantities  of  molybdenite  concentrates  have  already  been  shipped.  ^ 

UNITED  STATES. 

The  principal  production  of  molybdenum  ore  in  the  United  States 
was  in  1903,  when,  according  to  Pratt,^  795  short  tons  of  wxdfenite 
and  molybdenite  concentrates,  valued  at  $60,865,  was  marketed. 
Probably  750  tons,  or  more,  of  this  material  consisted  of  wxdfenite 
concentrates  obtained  by  sluicing  tailings  from  a  cyanide  mill  at 
Mammoth,  Ariz.  The  ore  from  which  these  tailings  were  derived 
came  from  the  Mammoth  mine  at  Schultz,  about  3  miles  away.  The 
remainder  of  the  output,  consisting  of  molybdenite  concentrates,  was 
probably  derived  from  the  Crown  Point  mine,  Chelan  County,  Wash., 
with  perhaps  a  ton  or  two  from  the  mine  of  the  American  Molybdenxim 
Co.,  at  Cooper,  Me.,  and  from  other  sources.  Previous  to  1903  prac- 
tically the  entire  commercial  output  of  molybdenum  ore  in  this 
coimtry  consisted  of  20  to  30  tons  of  high-grade  molybdenite  obtained 
from  the  Crown  Point  inine.<*  From  1903  to  1914  the  United  States 
Geological  Survey  has  recorded  a  production  of  a  marketable  molyb- 
denum product  in  only  three  years,  namely,  1905,  1906,  and  1907. 
The  output  in  these  three  years  was  confined  to  small  lots  of  molyb- 
denite derived  largely  from  the  Crown  Point  mine  and  from  a  deposit 
near  Homes  take,  Mont.,  and' to  a  few  tons  of  wulfenite  concentrates 

a  Editorial,  Norwegian  molybdemlte:  Eng.  and  Min.  Jour.,  vol.  08, 1914,  p.  820. 

b  Editorial,  Molybdenum  recovery  by  the  Elmore  process:  Eng.  and  Wn.  Jour.,  vol.  09, 1915,  p.  907. 

c  Pratt,  J.  H.,  The  steel-hardening  metals:  Mineral  Resources  U.  S.  for  1903,  U.  S.  Qeol.  Survey,  1904, 
p.  308. 

d  Pratt,  J.  H.,  Tungsten,  molybdenum,  uranium,  and  vanadium:  Mineral  Resources  U.  S.  for  1901, 
p.  268,  and  for  1902,  p.  287,  U.  S.  Geol.  Survey,  1902  and  1903. 
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from  Arizona.**  Official  statistics  as  to  the  production  in  1914  are 
as  yet  not  available,  but  it  is  known  to  have  been  small  and  to  have 
consisted  for  the  most  part  of  wulfenite  concentrates  obtained  from 
a  small  mill  erected  by  F.  H.  Hereford  and  R.  O.  Boykin,  of  Tucson, 
Ariz.,  to  re-treat  the  tailings  piles  already  mentioned  at  Mammoth, 
Ariz.  Small  lots  of  high-grade  molybdenite  coming  from  the  Crown 
Point  mine,  Chelan  County,  Wash.,  and  the  Romero  Mining  Co.'s 
property  near  Porvenir,  N.  Mex.,  were  also  marketed  in  1914. 

Since  January,  1915,  the  production  of  both  molybdenite  and 
wulfenite  in  this  country  has  shown  a  notable  increase.  In  October, 
1914,  the  Primos  Chemical  Co.,  of  Primos,  Pa.,  purchased  a  molyb- 
denite prospect  on  Red  Moim  tain,  near  Empire,  Colo.,  and  developed 
the  property  to  such  an  extent  that  shipments  of  ore  were  made  in 
January,  1915,  and  it  is  understood  that  they  continued  at  the  rate 
of  two  to  three  25-ton  carloads  per  week  until  the  mine  was  shut 
down  for  the  winter.  It  is  reported  that  the  ore  shipped  contained 
2  to  3  per  cent  of  molybdenite.  Since  the  beginning  of  1915  an 
assaying  and  ore-testing  firm  of  Denver,  Colo.,  has  purchased  con- 
siderable quantities  of  molybdenite  ore  coming  from  various  mines 
in  this  country  and  Canada,  and  is  said  to  have  marketed  a  small 
tonnage  of  molybdenite  concentrates  of  good  grade  derived  from  these 
ores.  The  embargo  placed  by  Great  Britain  on  the  exportation  of 
molybdenum  ore  from  her.  colonies  has  of  course  since  prevented 
further  receipt  of  Canadian  ores  by  this  company.  It  is  reported 
that  a  contract  was  placed  with  another  company  of  Denver,  Colo., 
in  1915,  for  the  concentration  of  500  tons  of  low-grade  molybdenite 
ore  from  a  deposit  on  Bartlett  Mountain,  Summit  County,  Colo.,  and,^ 
further,  that  several  hundred  tons  of  low-grade  ore  from  neighboring 
claims  were  concentrated  by  flotation  with  fair  results  at  Leadville, 
Colo.  Considerable  development  work  was  done  on  these  deposits 
during  the  year.  Noteworthy  development,  resulting  in  the  produc- 
tion of  a  considerable  tonnage  of  low-grade  ore,  was  Ukewise  done  by 
the  Leviathan  Mines  Co.  on  its  molybdenite  property  near  Copper- 
ville,  Mohave  County>  Ariz.  Several  molybdenite  prospects  throughout 
the  West  produced  small  quantities  of  ore,  and  small  lots  of  high- 
grade  molybdenite  were  obtained  from  some  of  them  by  careful  selec- 
tive mining  on  streaks  of  high-grade  material  and  by  hand  picking. 

The  production  of  wulfenite  also  increased.     F.  H.  Hereford  and 
R.  O.  Boykin  enlarged  their  mill  at  Mammoth,  Ariz.,  to  over  twice 

«  Pratt,  7.  H.,  Steel  and  Iron  hardening  metals:  Mineral  Resources  U.  S.  for  1906,  U.  S.  Geol.  Survey, 
1900,  p.  4ia.  Hess,  F.  L.,  Nickel,  cobalt,  vanadium,  etc.:  Mineral  Resources  U.  8.  for  1906,  U.  S.  Geol. 
Survey,  1907,  p.  539.  Hess,  F.  L.,  Tungsten,  nickel,  cobalt,  etc.:  Mineral  Resources  U.  S.  for  1907,  TJ.  8. 
Oeol.  Survey,  1900,  p.  721. 
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its  previous  capacity,  and  during  the  summer  were  producing  a  wul- 
fenite  concentrate  containing  approximately  22  per  cent  MoOg  at 
the  rate  of  about  2  tons  per  day. 

A  small  production  of  wulfenito  concentrates  were  said  to  have 
been  derived  in  1916  by  Mr.  Frank  Widener,  of  Cutter,  N.  Mex.,  from 
a  deposit  about  30  miles  west  of  that  place.  Considerable  develop- 
ment work  was  done  on  the  Old  Yuma  mine  near  Tucson,  Ariz.,  and 
a  small  mill  was  erected  for  the  treatment  of  the  wulfenite  ore  by 
Col.  Epes  Randolph  and  associates  of  Tucson. 

The  author  beheves  that  the  output  of  molybdenum  contained  in 
the  molybdenite  and  wulfenite  ores  mined  in  the  United  States  in 
1915  will  compare  favorably  with  that  of  any  other  country.  Whether 
it  will  continue  to  increase  in  the  future  depends  entirely  on  the 
demand. 

CANADA. 

The  production  of  molybdenum  ore  in  Canada  has  to  date  been 
confined  to  small  lots  of  high-grade  molybdenite  obtained  by  cobbing 
and  hand-picking  ore  from  rich  streaks  in  certain  deposits  in  the 
Provinces  of  Ontario  and  British  Columbia.  It  is  reported  that  these 
lots,  which  have  usually  averaged  500  to  2,000  pounds  in  weight,  have 
been  largely  sold  to  chemical  mantlfacturers  in  the  United  States, 
although  a  few  of  them  have  been  shipped  to  England.  In  addition 
to  this  output  of  high-grade  material  perhaps  100  to  200  tons  of 
medium-grade  molybdenite  ore  has  been  shipped  to  the  United  States 
or  to  England  for  concentration.  Of  course,  since  the  embargo 
placed  by  Great  Britain  on  the  exportation  of  molybdenum  ore  from 
her  colonies  such  shipments  to  the  United  States  have  ceased. 
Although  up  to  the  present  time  no  production  worthy  of  mention 
has  been  made  in  Canada,  that  country  has  several  promising  deposits 
of  high-grade  molybdenite  ore  and  is  doubtless  capable  of  a  consider- 
able production. 

IMPORTS  OF  MOLYBDENUM. 

Under  the  tariflf  of  1909  the  duty  on  molybdenum  or  ferromolyb- 
denum  valued  at  $200  per  ton  or  less  was  25  per  cent  ad  valorem, 
and  on  material  valued  at  more  than  $200  per  ton  it  was  20  per  cent 
ad  valorem.  Under  the  existing  tariff  this  duty  was  reduced  to  15 
per  cent  ad  valorem,  irrespective  of  value.  Ores  of  molybdenum 
may  be  imported  free.  Although  it  is  known  that  small  lots  of 
high-grade  molybdenite  have  been  brought  into  this  country  at  fre- 
quent intervals,  no  figures  as  to  the  quantity  so  imported  can  be 
given,  as  no  separate  account  of  the  imports  of  molybdenum  ore  are 
kept  by  the  customs  service.  However,  the  total  quantity  is  prob- 
ably not  large,  as  practically  the  entire  output  of  Queensland,  New 
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South  Wales,  and  Norway,  which  have  been  the  principal  producing 
countries  to  date,  has  been  taJcen  by  Germany,  England,  and  France. 
It  is  understood  that  during  the  early  part  of  1915  about  60  tons  of 
high-grade  molybdenite  ore  was  imported  from  Canada  for  concen- 
tration in  this  country;  but  the  action  of  the  British  Government  in 
placing  molybdenum  ores,  metallic  molybdenum,  and  ferromolyb- 
denum  on  the  list  of  absolute  contraband  has  made  impossible  fur- 
ther shipments  of  such  material  into  this  country,  either  from  Canada 
or  other  British  possessions. 

The  table  following  shows  the  amoimt  and  value  of  the  molybdenum 
and  ferromolybdenum  imported  into  the  United  States  during  the 
years  1911  to  1915.  Previous  to  1911  imports  of  these  metals  were 
not  separately  reported  by  the  customs  authorities.  It  will  be  noted 
that  diuring  the  period  covered  by  the  table  imports  of  these  metals 
were  practically  negligible. 

Quantity  and  value  of  imports  of  molybdenum  and  ferromolyhdenum  into  the  United 

States,  1911  to  1915. 


Calendar  year. 

Tons. 

Dollars. 

1011 

8.5 
4.0 
7.0 
.1 
2.0 

11,400 
4,670 

15,030 

60 

2,370 

1012 

1013 

1014 

1015 

MABKET  FOE  MOLTBDEmJH. 

Under  normal  conditions  practically  90  per  cent  of  the  world's 
molybdenum  production  is  used  in  making  alloy  steel  and  only  about 
10  per  cent  in  the  manufacture  of  chemicals  and  for  all  other  pur- 
poses. At  first  glance  it  is  therefore  somewhat  surprising  that  with 
the  greatly  increased  demand  for  alloy  steels  occasioned  by  the 
European  war  the  market  for  the  element  should  not  have  devdoped 
to  a  larger  degree,  and  in  a  greater  measure  kept  pace  with  the 
phenomenal  demand  for  its  sister  metal,  tmigsten,  especially  as 
molybd^ium  has  in  the  past  been  used  principally  in  the  manufac- 
tmre  of  field  artillery,  coast-defense  and  naval  guns,  rifle  barrels, 
armor  plate,  armor-piercing  projectiles,  etc.,  and  of  high-speed  tool 
steel,  which  id  finding  such  a  large  use  in  the  manufacture  of  these 
and  other  munitions.  The  idtimate  market  for  molybdenimi  has, 
however,  always  been  largely  in  Europe,  the  use  of  the  element  in 
steel  being  much  more  popular  abroad  than  in  the  United  States. 
Up  to  the  present  time  France,  England,  and  Germany  have  taken 
practically  the  entire  molybdenum  output  of  the  world,  and  in  com- 
parison an  almost  negligible  quantity  of  molybdenite  and  wulfenite, 
derived  from  the  small  domestic  production  and  small  quantities  of 
molybdenite  imported,  have  been  treated  in  this  country.    Outside 
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of  a  few  companies  that  are  purchasing  high-grade  molybdenite  con- 
centrates for  the  mannfacttire  of  chemicals,  there  are  even  to-day 
only  five  concerns  in  the  United  States  that  are  making  metallic 
molybdenum  or  ferromolybdeniun.  Of  course,  there  are  many  ore 
buyers  in  this  country  who  are  in  the  market  for  molybdenite  con- 
centrates, but  their  market  is  id  turn  almost  wholly  abroad,  and  they 
act  either  as  middlemen,  on  their  own  behalf,  or  as  agents  for  Euro- 
pean purchasers. 

The  development  of  the  molybdenmn  market  has  in  the  past  and 
is  at  present  being  retarded  by  the  fact  that  manufactm*ers  who 
might  use  or  might  investigate  the  possibilities  of  usiQg  the  metal 
are  kept  out  of  the  market  by  the  fear  of  not  being  able  to  obtain 
steady  suppHes.  On  the  other  hand,  those  who  might  be  interested 
in  the  development  of  some  of  the  extensive  low-grade  molybdenite 
or  wulfenite  deposits  in  this  country  are  prevented  from  doing  so  by 
the  small  visible  demand  and  the  fear  that  any  large  production  wiU 
glut  the  market.  Owing  to  these  conditions,  the  mining  of  molybde- 
num has,  as  already  stated,  been  confined  in  the  past  to  small-scale 
operations  on  high-grade  streaks  of  molybdenite  ore,  and  the  methods 
of  recovery  have  been  limited  largely  to  cobbing  and  hand  picking. 
The  unprecedented  demand  for  steel-hardening  metals,  occasioned  by 
the  European  war,  is,  however,  slowly  drawing  the  attention  of  both 
prospective  producers  and  consumers  to  the  possibilities  in  regard  to 
molybdenum.  Several  mining  operations  looking  toward  a  con- 
siderable production  of  both  molybdenite  and  wulfenite  have  already 
been  commenced,  and,  on  the  other  hand,  manufacturers  are  investi- 
gating the  possibilities  of  using  molybdenum  in  a  large  way,  and  are 
beginning  to  realize  that  it  is  not  as  they  generally  supposed,  due  to 
the  scarcity  of  the  element  in  nature  and  the  nonexistence  of  ore 
bodies  that  steady  supplies  have  previously  not  been  available,  but 
rather  to  lack  of  development  of  these  ore  bodies. 

How  great  a  quantity  of  molybdenum  the  market  will  absorb  under 
existing  or  future  conditions  is  extirely  a  matter  of  speculation. 
It  is  the  author's  opinion,  however,  that  the  demand  for  the  element 
will  keep  pace  with  a  greatly  increased  production,  particularly  if 
the  metal  is  offered  at  prices  below  those  normally  asked  for  tungsten. 

HOW  MOLYBDENUM  CONCENTBATBS  ABJS  MABKETED. 

The  basis  on  which  molybdenum  ores  and  concentrates  are  bought 
and  sold  varies  according  to  whether  the  contained  molybdenum 
mineral  is  molybdenite  or  wulfenite.  Molybdenite  products  are  in- 
variably purchased  on  the  basis  of  their  molybdenmn  content, 
reckoned  as  MoSj,  whereas  wulfenite  is  always  bought  either  on  the 
basis  of  its  molybdenum  content  expressed  as  metallic  molybdenum 
or  as  M0O3.     It  is  unfortunate  that  custom  should  have  established 
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these  three  methods  of  calculation  where  one,  based  on  the  content 
of  metallic  molybdenum,  would  have  sufficed  and  avoided  needless 
complications  and  frequent  misunderstandings  between  buyers  and 
sellers.  In  connection  with  the  use  of  these  three  standards  it  may 
be  of  interest  to  note  that  1  part  by  weight  of  MoS,  is  equivalent  to 
0.9  part  of  MoO,  and  to  0.6  part  of  Mo,  and,  inversely,  that  1  part 
by  weight  of  Mo  is  equivalent  to  1.5  parts  of  MoO,  and  to  1.67  parts 
ofMoS,. 

In  the  United  States  the  short  ton  of  2,000  pounds  is  the  measure 
of  weight  used  in  buying  and  selling  molybdenum  ore,  and  quota- 
tions are  generally  based  on  the  number  of  units  of  20  pounds  each 
of  pure  Mo,  MoO,,  or  MoS,  contained  in  a  ton.  In  Europe,  on  the 
other  hajid,  the  long  ton  of  2,240  pounds  is  almost  invariably  used, 
and  accordingly  European  purchasers  settle  on  the  basis  of  a  unit 
containing  22.4  pounds.  Quotations  both  in  this  country  and 
abroad  are  generally  made  on  a  sliding  scale  to  cover  various  grades 
of  material.  Specifications  usually  state  the  minimmn  percentage 
of  Mo,  M0S2,  or  M0O3  in  the  ore  or  concentrates  that  is  acceptable  to 
the  purchaser,  and  also  the  maximum  percentage  of  objectionable 
elements,  such  as  copper,  tungsten,  bismuth,  arsenic,  and  antimony 
that  will  be  allowed.  Just  what  are  objectionable  elements  depends 
largely  on  the  use  to  which  the  molybdenum  product  derived  from 
the  concentrates  is  destined  and  the  methods  employed  in  treating  it. 
Copper  and  tungsten  seem  to  be  universally  objectionable  both  to 
the  iron  and  steel  and  to  the  chemical  trades.  Copper  is  particularly 
undesirable  and  its  presence  in  excess  of  1  per  cent,  even  in  high- 
grade  molybdenite  concentrates,  is  usually  sufficient  to  render  the 
material  unmarketable.  Some  dealers  will,  however,  accept  con- 
centrates containing  more  than  1  per  cent  copper,  but  when  4  or  5 
per  cent  copper  is  pres^it  the  penalties  exacted  are  such  as  to  be 
prohibitive.  Likewise,  some  dealers  have  no  objection  to  the  pres- 
ence of  small  quantities  of  arsenic  and  bismuth  in  molybdenite  con- 
centrates, as  they  state  that  these  elements  are  readily  volatilized 
when  the  ore  is  roasted  in  the  process  of  treatment.  Up  to  1914  it 
was  difficult  to  sell  molybdenite  concentrates  containing  less  than  80 
per  cent  MoS,,  or  wulfenite  concentrates  with  less  than  25  per  cent 
M0O3,  but  at  present  (March,  1916)  it  is  reported  that  molybdenite 
and  wulfenite  concentrates  containing  as  low  as  20  per  cent  MoS, 
and  18  per  cent  MoO,,  respectively,  can  be  marketed. 

FBICES  OF  MOLTBDEBilTE  AND  OF  WULFENITE  CONCENTRATES. 

Under  the  existing  abnormal  conditions  of  the  market  for  all 
steel-hardening  metals  it  is  impossible  to  quote  exact  prices  for 
either  molybdenite  or  wulfenite  concentrates.  The  sale  of  even 
1-ton  or  2-ton  lots  is  the  subject  of  separate  negotiations,  and  the 
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prices  received  vary  between  wide  limits.  Based  on  a  content  of 
90  per  cent  MoS^,  small  lots  of  molybdenite  have,  during  the  last 
two  years,  bron^t  in  this  country  $2,500  to  $3,500  per  short  ton, 
or  $27.75  to  $38.90  per  20-pound  unit  of  MoS^.  The  price  of  wul- 
fenite  concentrates  during  the  same  period  has  ranged  from  $200  to 
$300  per  short  ton,  or  from  $10  to  $15  per  unit  of  MoO„  based  on  a 
content  of  20  per  cent  MoO,.  Of  course,  the  price  paid  per  unit  for 
M0S2  or  M0O3  decreases  rapidly  with  the  grade  of  the  material,  as 
is  well  illustrated  by  the  following  schedule  of  prices  quoted  in  Feb- 
ruary, 1916,  by  a  domestic  manufacturer  of  molybdenum  and  fer- 
romolybdenum,  for  molybdenite  concentrates.  Based  on  a  content 
of  50  per  cent  MoS^,  the  price  offered  was  $20  per  unit  of  MoS,, 
with  a  penalty  or  bonus  of  20  cents  per  unit  for  each  per  cent  below 
or  in  excess  of  50  per  cent  MoS,.  ^The  prices  of  various  grades  of 
concentrates,  according  to  this  schedule,  are  shown  in  the  accom- 
panying table: 

Prices  offered/or  molyhdenite  concentraUs  in  February,  1916, 


Per  cent 

MoSiln 

ooncen- 

trates. 

Price  offered— 

Per  unit. 

Per  short 
ton. 

30 
40 
50 
60 
70 
80 
90 

S16 
18 
20 
22 
24 
26 
28 

S480 
720 
1,000 
1,320 
1,680 
2,080 
2,520 

As  already  stated  in  the  discussion  of  the  market  for  molybdenum, 
concentrates  of  both  molybdenite  and  widfenite  must  be  practically 
free  from  deleterious  elements,  such  as  copper,  tungsten,  antimony, 
arsenic,  and  bismuth,  to  command  the  best  prices,  and  a  copper  con- 
tent of  more  than  2  or  3  per  cent  generally  precludes  their  sale  or  else 
exacts  heavy  penalties.  The  following  table,  which  was  compiled 
mainly  from  quotations  furnished  through  the  courtesy  of  L.  Lamy, 
of  Paris,  France,  shows  the  fluctuations  in  the  price  of  high-^ade 
molybdenxmi  concentrates  (90  to  95  per  cent  MoS,)  in  European 
markets  since  1907.  The  table  shows  that  the  price  has  more  than 
trebled  in  the  past  three  years: 

Prices  of  high-grade  molybdenite  concentrates  (90  to  95  per  cent  M0S2)  in  European  mar' 

ketSy  1908  to  1916. 


Yeer. 

Prices  per  unit  of  20 
poiindA. 

Prices  per 

unit  of  22.4 

pounds. 

Year. 

Prices  per  unit  of  20 
pounds. 

Prices  per 

unit  of  22.4 

pounds. 

1908 

l6.60toS7.60 
5.66 to    7.15 
6.30  to    6.76 
6.95  to    9.10 

Shimngs. 
30  to  85 
26  to  33 
29  to  31 
32  to  42 

1912 

• 

$7. 15  to  SU.  96 
10. 90  to   18.60 
19. 50  to  81.60 
23. 90  to  80.90 

SMmng*. 
33  to  65 

1009 

1913 

60to  85 

1910 

1914 

90  to  145 

1911 

1915 

110  to  170 
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In  ooncfaisioii,  it  may  be  said  that  prices  at  present  are  wholly 
abnormal,  and  companies  engaged  in  the  mining  or  concentration 
of  either  molybdenite  or  wulfenite  should  be  prepared  for  the  sharp 
decline  that  is  almost  certain  to  follow  the  cessation  of  hostilities  in 
Europe.  Just  what  the  normal  price  will  be  is  hard  to  predict,  as 
there  are  too.  many  uncertain  factors  to  be  considered.*  As  already 
stated;  it  is  the  opinion  of  the  author  that  the  demand  for  molyb- 
denum will  continue  to  increase,  particularly  if  the  price  of  the  metal 
declines  so  that  it  closely  approaches  the  normal  price  of  tungsten. 
Any  laige  production  of  molybdenum,  such  as  might  be  derived 
from  the  several  extensive  deposits  of  low-grade  molybdenite  ore 
that  are  now  being  developed  in  this  country,  would,  in  all  probability, 
not  only  cause  such  a  decline  in  price,  but  might  possibly  enable 
molybdemun  to  be  sold  even  below  the  normal  price  of  tungsten.  Al- 
though it  is  not  safe  to  make  any  prediction  as  to  the  Tnininmm  price  at 
which  molybdenum  may  be  marketed  hi  the  future,  it  may  be  assumed 
that  if  the  chief  use  of  the  metal  continues  to  be  in  the  manufacture 
of  special  steels,  maximum  prices  will  never  greatly  exceed  twice  the 
corresponding  price  of  tungsten,  as  the  e£Pective  ratio  of  the  two  metals 
in  steel  is  slightly  above  1:2,  and  in  many  instances  steel  manu- 
facturers could  substitute  one  for  the  other  within  certain  limits 
without  materially  affecting  their  product. 

The  present  abnormal  prices  for  molybdenite  and  wulfenite  con- 
centrates are,  of  course,  reflected  in  the  quotations  on  metallic 
molybdenum  and  ferromolybdenum.  Prices  in  this  country  (March, 
1916)  are  nominal  at  $4  to  $5  per  pound  of  metalUc  molybdenum, 
whereas  in  England  they  are  slightly  lower,  averaging  about  15s.  6d. 
or  $3.75  per  pound.  It  is  of  interest  to  note  that  inasmuch  as  sup- 
pUes  of  molybdenum  and  tungsten  are  of  vital  importance  in  the 
manufacture  of  mimitions,  Great  Britain,  acting  through  the  govern- 
ments of  her  various  colonial  possessions  where  ores  of  these  metals 
are  produced,  has  established  a  maximum  price  at  which  these  ores 
may  be  sold.  As  regards  molybdenum  ore  this  price  is  105s.  per  unit 
of  M0S3,  and  for  tungsten  ore  it  is  55s.  per  unit  of  WO,.  Taken  in 
connection  with  the  placing  of  these  metals  and  their  ores  and  alloys 
on  the  list  of  absolute  contraband,  this  fixing  of  prices  by  the  British 
Government  has  resulted  in  an  extraordinary  difference  in  the  rela- 
tive prices  of  the  two  metals  in  the  United  States  and  Great  Britain. 
Quotations  on  ferrotungsten  (75  to  85  per  cent  tungsten)  are  (March, 
1916)  about  $8.50  per  pound  of  contained  timgsten  in  this  country 
as  compared  with  6s.  6d.  to  7s.  ($1.58  to  $1.70)  in  Great  Britain. 
In  other  words,  molybdenum  is  being  sold  in  the  United  States  at 
less  than  half  the  price  of  timgsten,  whereas  in  Great  Britain  the 
reverse  is  the  case.  However,  this  great  difference  in  price  is  not 
to  be  wholly  accounted  for  by  the  conditions  mentioned  above, 
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but  it  is  partly  due  to  the  fact  that  the  use  of  molybdenum  is  much 
more  popular  abroad  than  in  this  country.  For  example,  some 
well-known  European  metallurgists  are  understood  to  prefer  to 
purchase  molybdenite  ore  at  120s.  per  unit  of  MoS^  rather  than 
tungsten  ore  at  55s.  per  unit  of  WO,.  In  this  country,  on  the  other 
hand,  the  demand  for  tungsten  is  far  in  excess  of  that  for  the  com- 
paratively little-known  molybdenum. 

QUALITATIVE  TESTS  FOE  MOLTBDENUM. 

One  of  the  best  and  most  easily  applied  qualitative  tests  for  molyb- 
d^ium  is  made  by  trea»ting  the  finely  powdered  ore  with  about  5  c.  c. 
of  concentrated  nitric  acid,  evaporating  to  dryness,  treating  the 
residue  with  i  c.  c.  of  concentrated  sulphuric  acid  and  again  evaporat- 
ing to  dryness.  If  molybdenum  is  present  a  beautiful  ultranpiarine 
bhie  color  develops  in  the  residue  on  standing.  This  characteristic 
color  generally  appears  in  two  hours  or  lees,  but  sometimes  12  hours 
may  be  required,  depending  on  the  temperature  and  the  humidity. 

Another  test  that  is  highly  recommended  is  to  fuse  the  finely 
powdered  ore  with  a  mixture  of  sodium  and  potassium  carbonates 
(1  to  1)  and  a  small  amount  of  potassium  nitrate.  The  fusion  is 
powdered  and  extracted  with  hot  water  and  filtered,  the  filtrate 
acidified  with  hydrochloric  acid,  the  carbon  dioxide  expelled  by  boil- 
ing, and  potassium  or  ammonium  thiocyanate,  together  with  a  small 
piece  of  metallic  zinc,  added.  If  molybdenum  is  present  a  bright 
cherry-red  color  rapidly  develops  which  disappears  on  standing  in 
the  presence  of  the  zinc.  If  hydrogen  peroxide  is  added  to  the  solu- 
tion immediately  after  the  cherry-red  color  has  developed,  the  color 
disappears,  returning  as  soon  as  the  peroxide  has  been  reduced.  If 
only  small  proportions  of  molybdenum  are  present,  it  is  suggested 
that  immediately  after  the  thiocyanate  and  zinc  have  been  added  to 
the  acidified  filtrate  from  the  leached  carbonate  fusion,  the  solution 
be  shaken  with  a  small  volume  of  ether.  Any  color  in  the  liquid 
will  be  extracted  by  the  ether  and  intensified  as  a  golden  brown  in 
the  ether  ring  that  forms  at  the  top  of  the  liquid  on  standing,  thus 
perhaps  making  visible  color  that  before  was  imperceptible. 

Should  there  be  an  imperfect  fusion  and  any  extraction  of  iron  in 
the  leach  from  the  fused  carbonates,  a  cherry-red  color  will  immedi- 
ately develop  on  the  addition  of  the  potassium  or  ammonium  thio- 
cyanate to  the  solution.  With  the  addition  of  zinc,  however,  the 
color  due  to  iron  disappears,  and  unless  a  large  quantity  of  iron  has 
been  brought  into  solution  the  color  will  completely  disappear  prior 
to  the  development  of  any  color  due  to  molybdenum.  If  this  color 
reaction  of  iron  and  its  disappearance  on  the  addition  of  zinc  is  borne 
in  mind,  the  above  test  for  molybdenum  is  infallible. 

Blowpipe  and  simple  chemical  tests  for  the  various  molybdenum 
minerals  are  given  on  pages  8  to  15. 
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aTTAKTITATIVE  BBTEBKINATIOK  OF  MOLYBBENTTIC. 

Previous  to  the  quantitative  deteiminations  of  the  molybdeniun 
m  the  ores  and  products  obtained  therefrom  m  the  concentration 
tests  described  in  this  report,  a  brief  study  of  published  methods  for 
determining  the  element  was  conducted  by  J.  C.  Morgan,  junior 
chemist,  in  the  Denver  office  of  the  Bureau  of  Mines,  to  whom  the 
author  is  indebted  for  data  in  the  following  discussion. 

It  was  found  that  most  of  the  published  methods  were  open  to 
objections  as  hereinafter  outlined.  Further,  several  precipitation 
methods  that  would,  without  doubt,  give  correct  results  on  practi- 
cally pure  salts  of  molybdenum  were  absolutely  inaccurate  when 
applied  to  certain  ores  and  particularly  to  low-grade  ores.  In  view 
of  the  difficulties  encountered,  a  brief  preliminary  discussion  of  the 
more  common  methods  for  the  quantitative  determination  of  molyb- 
denum may  be  of  interest  here. 

SOLUnOK. 

The  general  methods  of  getting  the  molybdenum  in  an  ore  into 
solution  are  as  follows;  (1)  By  fusion  with  a  mixture  of  sodiiun  and 
potassium  carbonates  and  subsequent  leaching  of  the  molybdate 
formed  with  hot  water;  (2)  by  fusion  with  a  mixture  of  sodium 
carbonate  and  sulphur  (1  to  1)  and  the  leaching  of  the  sulpho-molyb- 
date  formed  with  hot  water;  (3)  by  fusion  with  sodium  peroxide  or 
sodium  hydroxide  followed  by  leaching  the  molybdate  formed  with 
hot  water,-*  (4)  by  solution  obtained  through  evaporation,  first  with 
fuming  nitric  acid,  and  then  with  concentrated  sulphuric  acid.* 

The  fusion  methods  all  have  one  common  disadvantage  for  ores 
containing  siUca  in  excess  of  10  per  cent  or  thereabouts,  in  that  the 
greater  part  of  the  silica  is  brought  into  solution  and  must  be  removed 
previous  to  the  precipitation  of  the  molybdenum.  Otherwise  the 
molybdeniun  precipitate  is  contaminated  with  silica.  The  removal 
of  the  greater  part  of  the  silica  necessitates  a  tedious  evaporation, 
with  subsequent  filtration  and  washing  of  the  precipitate.  Further, 
if  the  alkaline  solution  is  evaporated  as  in  Low's  method,^  the  pre- 
cipitated silica  is  gelatinous  pud  difficult  to  wash  free  from  molyb- 
denum salts.  If  the  solution  is  acidified  with  hydrochloric  acid,  as 
is  usual  in  the  precipitation  of  silica,  molybdic  trioxide  is  precipitated 
on  evaporation.  Chie  advantage  of  the  fusion  methods  is  that  lead, 
copper,  bismuth,  iron,  and  aluminum  are  left  in  the  residue  from  the 
leach,  thus  precluding  the  necessity  of  their  removal  later. 

a  DaiToch,  James,  and  MeOdejohn,  C.  A.,  A  rapid  method  of  determining  molybdenum:  Eng.  and  Min. 
Joor.,  vol.  82, 1906,  p.  818. 

b  Colett,  E.f  and  Eckfaardt,  M.,  Bemerkongen  tur  Bestlmmung  dee  Molybd&ns  im  Molybd&nglanz: 
Chem.  Ztg.,  Jahrg.  33, 1909,  p.  908. 

•  how,  A.  H.,  Technical  methods  of  ore  analysis,  1913,  p.  185. 


42       molybdehum;  its  obes  and  theib  concentration. 

The  method  of  solution  by  digestmg  with  fuming  nitric  acid  followed 
by  evaporation  to  dryness,  fuming  with  a  small  quantity  of  concen- 
trated sulphuric  acid,  and  diluting,  brings  all  of  the  molybdenum  into 
solution,  if  the  final  residue  is  washed  with  dilute  ammonia*  Any 
silica  or  lead  present  is  left  in  the  residue.  In  contrast  to  results 
with  fusion  methods,  copper,  bismuth,  iron,  and  aluminum  are 
brought  into  solution.  The  removal  of  these  elements,  however, 
seems  to  offer  less  difficulty  than  the  removal  of  silica  in  the  fusion 
methods. 

FBSOIPrrATIOK. 

Many  methods  have  been  advanced  for  the  precipitation  of  molyb- 
denum from  solution.  The  chief  of  these  are  as  follows:  (1)  Precipi- 
tation as  molybdenum  trisulphide,  (2)  precipitation  as  mercurous 
molybdate,  (3)  precipitation  as  lead  molybdate^  and  (4)  precipi- 
tation as  barium  molybdate. 

The  complete  precipitation  of  molybdenum  as  molybdenum  trisul- 
phide may  be  accomplished  in  several  ways,  as  follows:  (1)  By 
saturating  a  cold  solution,  slightly  acid  with  hydrochloric  or  sulphuric 
acid,  with  hydrogen  sulphide  and  heating  in  a  pressiu^  flask  ;^  (2) 
by  saturating  an  alkaline  solution  with  hydrogen  sulphide,  acidifying 
with  either  hydrochloric  or  sulphimc  acids,  and  heating  in  a  pressure 
flask;*  (3)  by  saturating  an  ammonical  solution  with  hydrogen 
sulphide,  acidifying  with  hydrochloric  acid,  coagulating,  filtering, 
evaporating  the  filtrate  to  dryness,  expelling  the  greater  part  of  the 
ammoniiun  salts,  extracting  the  residue  with  water  containing  a 
small  amount  of  ammonia,  adding  ammonium  sulphide,  and  acidify- 
ing with  hydrochloric  acid,  thus  removing  the  last  traces  of  molyb-- 
denum;^  (4)  by  adding  thioacetic  acid  and  heating  the  precipitated 
molybdenum  sulphide  in  a  pressure  flask. 

The  precipitation  of  mercurous,  lead,  or  barium  molybdate  is 
accomplished  by  adding  a  solution  of  a  salt  of  these  metals  to  the 
molybdate  solution.  With  sulphide  ores  the  precipitation  of  either 
lead  or  barium  molybdate  is  impracticable,  as  no  matter  what  method 
of  solution  is  used  there  is  invariably  enough  sulphate  present  to  cause 
a  considerable  error  through  the  precipitation  of  lead  or  barium 
sulphate.  The  prevention  of  the  precipitation  of  lead  sulphate  by  the 
use  of  either  sodium  or  ammonium  acetate  in  hot  solution  when 
precipitating  lead  molybdate  is  not  advisable,  owing  to  the  large 
quantity  of  acetate  required. 

The  precipitation  of  mercurous  molybdate  is  usually  accomplished 
by  adding  a  slightly  acid  mercurous  nitrate  solution  to  the  solution 
obtained  from  the  carbonate  fusion,  to  which  nitric  acid  has  been 

a  Treadwell,  F.  P.,  Analytical  chemistry,  vol.  2, 1912,  pp.  28&-a8Q. 

b  Treadwell,  F.  P.,  loc.  cit. 

«  Cdett,  £.,  and  Eckhaidti  H.,  loc.  cit. 
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added  until  the  solution  is  only  slightly  alkaline.^  Considerable 
trouble  is  experienced  in  obtaining  the  right  degree  of  alkalinity.  Care 
must  be  taken  not  to  obtain  an  acid  solution,  as  molybdic  trioxide  may 
precipitate. 

CONVEBSIOK  OF  PRBCIPITATE  TO  WBIOHABLB  FORM. 

Molybdenimi  may  be  weighed  as  MoO,,  MoS,,  PbMo04,  or  BaMoO^. 
When  precipitated  as  MoS,  there  are  two  courses  open — either 
ignition  to  MoOg  or  to  MoS,  in  a  stream  of  hydrogen,  according  to  the 
Rose  method.  The  fact  that  MoO,  is  readily  volatile  at  temperatures 
higher  than  400*^  to  450®  C.  necessitates  great  care  in  igniting.  The 
complete  conversion  of  the  MoS,  to  MoOg  requires  long  ignition  at  a 
temperatiire  that  should  not  greatly  exceed  350®  C.  The  regulation 
of  this  temperature  by  the  ordinary  Bunsen  flame  is  extremely 
difficult  and  requires  much  practice.  In  reducing  to  MoS,  many 
ignitions  are  sometimes  required  to  obtain  a  constant  weight. 

The  conversion  of  mercurous  molybdate  to  molybdic. trioxide  by 
volatilizing  the  mercury  requires  extreme  care  and  much  time,  and  it 
is  almost  impossible  to  expel  all  the  mercury  without  volatilizing 
some  of  the  molybdic  oxide.  Lead  and  barium  molybdate  precipi- 
tates are  weighed  as  such  after  the  precipitates  have  been  dried. 

VOLUHSTBIC  BETBBKINATIOK  OF  PBBCIPITATBI)  MOLYBBENTTX 

TBISULFHIDE. 

Several  volmnetric  methods  have  been  offered  for  the  determination 
of  molybdenum,  but  all  require  that  the  molybdenum  first  be  freed 
from  the  other  metals.  These  methods  are,  therefore,  only  of  value 
when  applied  to  ore  analysis  to  determine  the  molybdenum  from  a 
resolution  of  the  final  sulphide  precipitate.  A  valuable  volmnetrio 
method  for  such  a  determination  is  that  of  Randall.^  In  this  method 
a  solution  of  the  sulphide,  acidified  with  sulphuric  acid,  is  passed 
through  a  zinc  reductor  into  a  ferric  iron  solution,  and  the  ferrous 
iron  formed  is  titrated  with  permanganate.  The  advantage  that 
volumetric  methods  have  over  gravimetric  methods  is  that  they 
eliminate  tedious  and  difficult  ignitions. 

In  general,  practically  all  molybdenmn  ores  carry  silica,  together 
with  such  metals  as  iron,  aluminum,  copper,  and  lead,  so  that  the 
most  desirable  method  of  analysis  would  be  one  in  which  these  elements 
could  be  eliminated  most  expeditiously  and  completely  and  give  a 
final  molybdenum  precipitate  readily  convertible  to  a  weighable 
form.  A  well-tested  method  that  does  this  most  efficiently  is  that  of 
Colett  and  Eckhardt.^ 

a  Low,  A.  H.,  loo.  dt. 

h  Randan,  D.  L.,  The  behavior  of  molybdic  add  in  the  dnc  reductor:  Am.  Jour.  Sd.,  ser.  4,  yd.  34, 1907, 
p.  313. 
«  Cdett«  E.,  and  Eckbardt,  M.,  loc.  dt. 
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METHOD  ADOPTED  BY  THE  BTTBEATT  OF  lONES. 

Inasmuch  as  the  ores  treated  carried  only  traces  of  arsenic  or 
antimony  and  no  tungsten,  no  account  was  taken  of  these  metals 
in  the  procedure  employed.  Special  precautions  are  necessary  when 
these  metals  are  present  in  appreciable  quantity.  The  procedure  for 
the  separation  of  molybdenum  from  these  metals  may  be  found  in 
any  of  the  more  complete  texts  on  molybdenum  analyses. 

Directions  covering  the  method  adopted  by  the  Biu'eau  of  Mines 
follow: 

Digest  the  sample  of  ore — ^from  0.2  gram  to  5  grams,  depending 
upon  its  seeming  richness — ^with  25  to  35  c.  c.  of  fuming  nitric  acid  in 
an  Erlenmeyer  flask  for  three  hours  and  finally  evaporate  to  dryness. 
Add  3  c.  c.  of  concentrated  sulphuric  acid  to  the  residue  and  heat 
until  dense  white  fumes  are  given  off  in  quantity.  Cool,  dilute  to 
100  c. C,  and  filter.  Wash  the  residue  with  water,  allowing  the  wash 
water  to  run  into  the  filtrate.  Wash  the  residue  well  with  dilute 
ammonia  (r  to  3),  and  then  with  water.  Make  the  filtrate  alkaline 
with  ammonia  to  precipitate  the  alumimun  and  any  iron  present  in  the 
original  mineral.  Heat,  filter,  and  wash  well  with  hot  water.  Satu- 
rate this  alkaUne  filtrate  with  hydrogen  sulphide  to  a  bright  cherry- 
red  color.  Filter  and  wash  with  hot  water.  Acidify  the  filtrate  with 
hydrochloric  acid  imtil  slightly  acid  and  digest  xmtil  the  precipitated 
sulphide  and  sulphur  are  well  coagulated  and  the  excess  hydrogen 
sulphide  expelled.  Filter  on  a  weighed  Gooch  crucible.  Evaporate 
the  filtrate  to  dryness  in  a  casserole  and  drive  off  the  ammonium  salts 
at  the  lowest  possible  temperature,  being  careful  not  to  heat  the 
casserole  to  redness  at  any  time.  Take  up  the  final  residue  with,  about 
100  c.  c.  of  water  to  which  5  c.  c.  of  ammonia  has  been  added.  Add 
10  c.  c.  of  ammoniimi  sulphide,  make  faintly  acid  with  hydrochloric 
acid,  and  digest  until  the  sulphide  is  coagulated.  Filter  this  on  the 
Gooch  crucible  used  for  the  previous  sulphide  filtration.  Add  an 
amount  of  sulphur  to  the  combined  sulphides  equal  to  about  one-half 
their  weight  and  ignite  over  a  Bunsen  burner  at  a  dull-red  heat  in  a 
stream  of  arsenic-free  hydrogen  for  10  minutes.  The  ignition  may  be 
accomplished  by  using  a  Rose  crucible  cover  and  tube  over  the  Gooch 
crucible.  Weigh  and  repeat  the  ignition  as  before,  until  check 
weights  are  obtained.  The  weight  obtained  is  the  weight  of  molyb- 
denum disulphide. 
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GBNEKAL  DISTRIBUTION  OF  DEPOSITS. 

A  brief  field  investigation  confined  to  the  examination  of  the  better 
known  occurrences  of  molybdenum  in  six  of  the  Western  and  Pacific 
Coast  States,  namely,  Arizona,  California,  Colorado,  Montana,  New 
Mexico,  and  Washington,  has  been  sufficient  to  show  that,  contrary 
to  general  belief,  there  are  in  this  country  large  low-^ade  deposits  of 
both  molybdenite  and  wulf enite  ores  fi^m  which  considerable  ton- 
nages of  marketable  concentrates  might  be  obtained. 

Examinations  of  the  various  deposits  were  made  solely  with  the 
purpose  of  determining  their  commercial  possibilities.  Most  of  those 
visited  were  in  the  prospect  stage,  and  as  many  of  those  in  the  States 
of  Colorado,  Montana,  and  Washington  were  seen  in  the  late  fall  when 
they  were  covered  with  snow,  some  of  the  following  descriptions  may 
seem  to  appear  brief  and  incomplete.  It  is  hoped,  however,  that 
the  descriptions  and  the  tabulated  information  regarding  the  known 
occurrences  of  molybdenum  ores  in  the  various  States  will  be  of  value 
to  those  who  are  interested  in  deposits  of  this  metal. 

AlUZONA. 

Arizona  has  many  deposits  of  molybdenite  and  of  wulfenite,  and 
with  the  exception  of  Nevada  it  is  the  only  State  in  which  any  note- 
worthy deposits  of  the  latter  mineral  have  been  reported.  Wulfe- 
nite ores  from  Arizona  have  supplied  the  larger  part  of  the  molyb- 
denum produced  in  this  country  to  1915,  and  on  account  of  the  ease 
with  which  they  are  concentrated  they  should  prove  a  strong  com- 
petitor of  molybdenite  for  markets  that  do  not  require  concentrates 
with  a  high  molybdenum  content. 

The  deposits  of  wulfenite  ore  are  largely  confined  to  the  four 
southern  counties,  Cochise,  Pima,  Pinal,  and  Yuma,  with  a  few  in 
Gila,  Maricopa,  and  Yavapai  Counties.  Molybdenite  has  been 
reported  from  only  six  counties — Greenlee,  Gila,  Mohave,  Pima,  Pinal, 
and  Santa  Cruz.  In  most  of  the  Arizona  deposits  the  molybdenite 
is  associated  with  chalcopyrite  and  other  copper  minerals,  and  inas- 
much as  the  copper  in  the  concentrates  must  be  separated  by  further 
treatment  the  deposits  are  not  as  desirable  as  those  free  from  copper. 
However,  notwithstanding  the  unfortunate  association  of  copper, 
some  of  these  deposits  will -doubtless  prove  of  commercial  impor- 
tance. 
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COUNTY. 

The  Mammoth  and  the  Collins  are  adjoining  mines  situated  at 
Schultz,  in  the  Old  Hat  mining  district,  Pinal  Coimty,  about  3  miles 
west  of  Mammoth  and  48  miles  north-northeast  from  Tucson,  the 
raUroad  point  from  which  supplies  are  brought  over  a  good  wagon 
road  via  Oracle.  The  mines  are  in  section  26,  T.  8  S.,  R.  16  E.,  in 
hilly,  desert  country,  on  the  easterly  slope  of  the  drainage  basin  of 
the  San  Pedro  River.  Their  location  with  reference  to  Manmioth 
and  the  main  topographic  features  of  the  vicinity  are  shown  in 
Plate  VI.  A  view  of  the  buildings  and  dump  of  the  Manmioth  mine 
is  given  in  Plate  VII,  A.  No  wood  for  fuel  or  for  mine  timbers  is 
available  near  by.  Fuel  oil  and  distillate  for  power  and  wood  for 
timbering  are  hauled  from  Tucson.  The  elevation  at  the  collar  of 
the  Mammoth  shaft  is  3,213  feet,  and  the  collar  of  Collins  shaft  about 
750  feet  to  the  southwest  is  65  feet  higher. 

The  mines  are  situated  on  two  roughly  parallel  veins  that  are  about 
600  to  700  feet  apart.  The  veins  strike  in  a  general  northwest  to 
southeast  direction  and  dip  to  the  southwest.  The  dip  of  the  Mam- 
moth vein  varies  from  45®  to  72®.  Its  average  dip  between  the  300- 
foot  and  the  750-foot  levels  is  69®  31',  but  at  the  750-foot  level  it  is 
only  about  45®.  From  the  surface  to  the  300-foot  level  the  average 
dip  of  the  Collins  vein  is  about  72®,  but  grows  flatter  below.  The 
veins  vary  greatly  in  width,  both  along  the  strike  and  the  dip.  The 
Mammoth  vein  is  1  or  2  inches  to  60  feet  wide,  the  part  that  has  been 
explored  south  of  the  main  shaft  and  that  roughly  constitutes  'Hhe 
south  ore  shoot"  averaging  13  to  15  feet  wide  for  a  horizontal  distance 
of  about  750  feet.  Work  on  the  Collins  vein  indicates  that  it  has  an 
average  width  of  12  to  13  feet. 

The  fillJTig  of  the  Mammoth  vein  seems  to  be  a  mixture  of  brecciated 
rhyolite  and  granite,  the  whole  so  highly  altered  and  silicified  that 
its  exact  classification  is  impossible.  The  ore  contains  wulfenite, 
vanadinite,  descloizite,  cerussite,  anglesite,  chrysocoUa,  azurite,  mal- 
achite and  small  quantities  of  gold  and  silver.  A  few  pockets  of 
galena  carrying  a  Httle  silver  are  found  in  some  of  the  stopes.  The 
filling  of  the  vein  in  the  Collins  mine  is  similar  to  that  of  the  Mam- 
moth vein  except  that  it  consists  almost  entirely  of  altered  rhyolite  ( ?) . 
The  accompanying  minerals  in  the  two  veins  seem  to  be  identical. 
The  geologic  history  of  the  veins  is  complex  and  has  not  been  thor- 
oughly studied.  Speaking  in  a  general  way,  however,  one  may  say 
that  they  were  formed  by  intrusions  of  rhyolite  (?)  along  faults  in 
the  granitic  country  rock,  the  whole  being  subsequently  shattered 
by  faulting  and  mineralized.  The  character  of  the  rock  of  the  walls 
is  very  irregular;  in  some  places  the  hanging  wall  is  rhyolite  and  the 
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foot  wall  granite,  and  vice  versa.  Seemingly  the  zoffe  of  minerali- 
zation repeatedly  crossed  and  recrossed  the  shattered  rhyolite.  The 
primary  deposition  of  the  economic  minerals  was  probably  as  sul- 
phides, and  the  existing  minerals  may  be  considered  as  almost  wholly 
of  secondary  origin. 

Wnlfenite  is  of  common  occurrence  throughout  the  veins  and 
much  of  it  is  beautifully  crystallized.  The  Mammoth  mine  alone  has 
probably  furnished  more  fine  cabinet  spicimens  of  the  crystallized 
mineral  than  any  other  locality.  Most  of  the  crystals  are  light 
orange,  but  they  range  through  various  shades  of  orange,  brown, 
and  green,  to  almost  black.  Plate  III,  B,  shows  a  remarkably  fine 
group  of  crystals  from  this  mine.  In  many  places  there  are  1-inch 
and  2-inch  streaks  of  nearly  pure  wulfenite  near  the  center  of 
the  ore  bodies,  and  many  cracks  and  fractures  throughout  the  vein 
material  are  filled  with  the  mineral.  On  the  750-foot  level  of  the 
Mammoth  mine  the  writer  noted  a  shoot  of  wulfenite  and  cerussite 
ore,  exposed  for  100  feet  or  more,  that  averaged  10  to  12  inches  wide, 
and  probably  contained  20  to  30  per  cent  of  wulfenite.  Plate  VII,  B, 
shows  a  characteristic  occurrence  of  a  veinlet  of  crystallized  wulfenite 
in  cerussite.  In  many  cases  the  wulfenite  is  intimately  associated 
with  vanadinite,  whereas  in  others  the  two  minerals  occur  separately. 

Veinlets  and  minute  stringers  of  wulfenite  are  visible  throughout 
the  stopes  and  in  the  roofs  and  floors  of  most  of  the  drifts.  The 
writer  estimates  that  as  a  whole  the  ore  bodies  contain  perhaps  1  to 
2  per  cent  of  the  mineral.  The  mines  have,  however,  never  been 
worked  for  wulfenite,  but  have  been  developed  chiefly  for  gold,  of 
which  their  ores  are  said  to  carry  $6  to  $7  per  ton.  Years  ago, 
225,000  to  250,000  tons  of  ore  were  taken  from  the  Mammoth  mine 
and  treated  by  stamp  milling  and  amalgamation  at  Mammoth,  3 
miles  away.  Later  the  old  tailing  piles  were  treated  for  gold  by  the 
cyanide  process,  and  still  later  parts  of  them  were  sluiced  to  extract 
the  wulfenite.  At  present  these  tailings  are  being  re-treated  for  the 
third  time  for  their  wulfenite  content,  as  described  on  pages  1 13  to  1 15. 

Several  years  ago  control  of  both  the  Collins  and  the  Mammoth 
mines,  whicii  had  been  idle  for  many  years,  was  obtained  by  the 
Messrs.  Young,  who  installed  new  machinery  and  other  equipment  and 
did  considerable  development  work  with  a  view  of  active  mining. 

Development  on  the  Manunoth  mine  consists  of  a  main  shaft  833 
feet  deep  and  about  a  mile  of  drifts  on  eight  different  levels.  The 
workings  on  the  north  side  of  the  shaft  have  caved  badly  to  within 
125  feet  of  the  shaft  and  are  mostly  inaccessible.  On  the  750-foot 
level  it  is,  however,  possible  to  go  350  feet  north  of  the  shaft,  but 
only  with  great  danger.  The  vein  at  this  level  on  the  north  side 
varies  from  6  to  60  feet  wide.  On  the  south  side  of  the  shaft  the 
principal  work  has  been  done  on  the  first,  third,  fourth,  fifth,  sixth, 
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and  seventh  levels,  and  aggregates  perhaps  4,000  feet  of  drifts. 
Much  ore  has  been  stoped,  but  the  ground  has  not  caved  to  any  ex- 
tent. The  water  level  in  the  Mammoth  mine  is  about  760  feet  below 
the  collar  of  the  shaft. 

The  Collins  mine  is  opened  by  a  tunnel  550  feet  long  and  by  a  shaft 
down  700  feet.  The  principal  drifts  are  as  follows:  One  325  feet  long 
on  the  100-foot  level,  and  one  300  feet  long  on  the  200-foot  level.  In 
all,  the  Colhiis  mine  has  perhaps  2,000  feet  of  tunnel  and  drifts. 

The  Mammoth  mine  is  equipped  vnth  a  shaft  house,  engine  and 
compressor  house,  boiler  house,  machine  and  blacksmith  shops,  oil 
storage  tanks,  etc.  Power  is  generated  by  two  Fairbanks-Morse 
engines  which  use  ''tops"  or  a  No.  2  distillate  costing  (June,  1915) 
about  5  cents  per  gallon  in  Tucson.  One  of  these  engines,  rated  at 
100  horsepower,  is  belted  to  a  SuUivan  angle-compoimd  compressor 
capable  of  delivering  528  cubic  feet  of  air  per  minu.te  at  100  pounds 
pressiu*e.  The  other  engine,  rated  at  150  horsepower,  is  direct 
connected  to  a  440-volt  generator  which  supplies  power  for  the  mine 
pump,  electric  lights,  and  various  small  motors  used  in  the  machine 
shop,  etc.  The  hoisting  equipment  consists  of  a  12-inch  by  14-inch 
double-drum  hoist,  which  can  be  operated  either  by  steam  or  com- 
pressed air.  The  mine  pump  is  situated  on  the  750-foot  level.  It 
is  a  Prescott  direct-connected  motor-driven  pump  with  a  lifting  ca^- 
pacity  of  400  gallons  per  minute  against  a  head  of  900  feet. 

Both  the  Mammoth  and  the  Collins  mines  could,  without  doubt, 
produce  a  large  tonnage  of  low-grade  wulfenite  ore  containing  per- 
haps 2  to  3  per  cent  of  the  mineral,  and  with  careful  selective  mining 
could  produce  considerable  high-grade  ore.  It  is  the  writer's  opinion, 
however,  that  a  high-grade  wulfenite  concentrate  could  not  be  pro- 
duced by  treatiQg  the  ore  as  a  whole  by  ordinary  wet  methods  on 
account  of  its  containing  considerable  cerussite.  In  fact,  a  concen- 
trate obtained  in  this  way  from  ore  of  ordinary  grade  from  the  Mam- 
moth mine  showed  on  analysis  only  14.45  per  cent  molybdic  trioxide 
(corresponding  to  39.4  per  cent  of  wulfenite),  but  54.54  per  cent 
lead.  The  vanadinite  and  copper  minerals  present  in  the  ore  would 
also  tend  to  detract  from  the  value  of  the  product.  However,  con- 
centrates of  the  grade  indicated  above  are  salable,  and  ways  might 
be  devised  for  separating  the  bulk  of  the  cerussite.  It  is  reported 
that  the  wulfenite  froni  these  mines  contains  a  small  amoimt  of  gold. 

WULFENITE  AT  THE  OLD  YXJHA  MINE,  PIMA   COT7NTY. 

The  Old  Ymna  mine  is  situated  about  14  miles  northwest  of  Tucson, 
and  5  miles  southeast  of  the  Southern  Pacific  Railroad  in  the  foothills 
of  the  Tucson  mountains.  To  reach  it  one  follows  an  excellent  county 
road  for  a  distance  of  1 1  miles  and  then  takes  a  poor  road  for  about 
3  miles.    The  mine  is  in  desert  country,  and  neither  water  nor  timber 
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is  available  in  the  immediate  neighborhood.  At  the  mine  an  inclined 
shaft  had  been  sunk  to  a  depth  of  about  300  feet  (November,  1913) 
on  the  vein,  which  dips  about  45^  southeast.  Other  development 
work  consisted  of  about  300  to  400  feet  of  drifts,  a  few  feet  of  raises, 
and  a  second  shaft  which  had  been  abandoned  but  which  was  said 
to  be  about  100  feet  deep. 

The  hanging  wall  of  the  vein  is  in  many  places  fairly  well  defined, 
but  inasmuch  as  the  foot  wall  is  indistinct  and  the  crosscuts  were  few, 
the.writer's  estimate  of  8  to  10  feet  as  the  average  width  of  the  deposit 
is  only  approximate.  The  maximum  width  observed  was  about  20 
feet  in  a  crosscut  on  the  65-foot  level.  The  vein  material  consists  of 
what  is  seemingly  an  acid  eruptive  rock,  badly  shattered  and  which 
has  been  so  highly  altered  that  it  is  difficult  to  classify.  It  carries 
wulfenite,  vanaduiite,  and  cerussite,  and  in  many  places  is  heavily 
stained  with  iron  oxides. 

The  wulfenite  occurs  in  seams  and  cracks  throughout  the  ore  in  thick, 
tabular  crystals,  which  are  commonly  one-eighth  of  an  inch  and  some- 
times even  an  inch  in  maximimi  diameter;  also  as  minute  specks  and 
irregular  masses  in  the  cavities  of  the  rather  porous  vein  material. 
The  wqlfenite  crystals  generally  have  a  bright  orange-yellow  color, 
but  some  are  greenish-black  to  black.  Others  are  bicolored,  having 
black  centers  and  orange-yellow  edges,  and  in  some  crystals  one  entire 
side  may  be  black  and  the  other  side  orange.  The  black  coloration 
of  these  crystals  is  of  economic  interest,  as  it  is  seemingly  due  to  the 
presence  of  finely  divided  metallic  gold,  which  can  be  plainly  seen  in 
some  crystals  with  the  aid  of  a  high-power  microscope.  The  occur- 
rence of  native  gold  in  these  crystals  is  discussed  in  detail  on  page 
115.  It  suffices  here  to  say  that  assays  made  by  the  author  of  t]ie 
orange-colored  crystals  failed  to  show  even  traces  of  gold,  but  that 
those  of  hand-picked  lots  of  black  crystals  showed  about  140  ounces  of 
gold  per  ton. 

Much  of  the  wulfenite  is  associated  with  either  cerussite  or  well- 
crystallized  vanadinite  or  both;  again,  these  three  minerals  may 
occur  entirely  distinct  from  one  another. 

The  quantity  of  wulfenite  present  is  greatly  in  excess  of  the  vanadi- 
nite and  cerussite,  but  no  figures  as  to  the  av^age  content  of  the  ore 
in  the  three  different  minerals  are  available,  as  to  the  writer's  knowl- 
edge the  mine  has  never  been  sampled  with  the  view  of  determining 
such  data.  A  120-pound  lot  of  ore  sent  to  the  Bureau  of  Mines  for 
concentration  tests,  which  was  said  to  be  a  sample  across  a  20-foot 
face  on  the  65-foot  level  of  the  mine,  contained  6.08  per  cent  molybdic 
trioxide,  which  corresponds  to  about  15.5  per  cent  wulfenite.  This 
sample  was  undoubtedly  much  richer  in  molybdenum  than  the 
average  run  of  ore  in  the  mine,  which  the  writer  would  estimate  as 
probably  containing  not  over  2  or  3  per  cent  wulfenite. 
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It  is  reported  that  this  mine  was  originally  opened  for  gold,  and  that 
on  an  average  the  ore  contains  about  one-half  an  ounce  of  this  metal 
per  ton.  Owing  to  the  distance  of  the  property  from  a  water  supply 
sufficient  to  rim  a  mill,  the  mine  has  never  been  operated  to  any  extent, 
and  at  the  time  of  the  writer's  visit  the  only  ore  that  had  been  ex- 
tracted was  that  encountered  in  development.  At  that  time  the  only 
equipment  at  the  property  was  a  small  dismantled  hoist.  No  pump- 
ing had  ever  been  necessary,  and  the  mine  was  perfectly  dry  through- 
out, even  at  the  bottom  of  the  300-foot  shaft. 

The  wulf enite  in  the  ore  is  readily  concentrated  both  by  wet  and 
dry  methods.  If,  as  demonstrated  by  the  concentration  tests  of  the 
120-pound  sample  of  ore  referred  to  above  most  of  the  gold  is  con- 
tained in  the  wulfenite,  these  concentrates  should  be  of  high  vahie, 
as  the  molybdenimi,  lead,  and  gold  contained  in  them  can  be  readily 
separated  and  recovered.  For  a  detailed  description  of  the  concen- 
tration tests  made  on  ore  from  this  mine,  see  pages  111  to  115. 

The  writer  has  been  advised  that  in  1915  this  mine  was  bonded  to 
Col.  Epes  Randolph  and  associates,  of  Tucson,  Ariz.,  who  have 
erected  a  mill  for  concentrating  the  ore  and  commenced  extensive 
development  of  the  mine. 

OTHER  OCCTT^BENCES  OF  WUIiFEMlTE  IN  ABIZOKA. 

Besides  the  wulfenite  deposits  of  the  Mammoth,  Collins,  and  Old 
Yuma  mines  described  above  there  are  many  other  promising  occur- 
rences, particularly  throughout  the  southern  part  of  the  State.  The 
Eed  Cloud,  MeUssa,  and  Hamburg  mines,  which  are  situated  in  the 
Silver  mining  district,  Yuma  County,  about  80  miles  up  the  Colorado 
River  from  Yuma,  the  nearest  point  on  the  railroad,  are  said  to  con- 
tain a  noteworthy  quantity  of  wulfenite  in  their  ores,  and  have  pro- 
duced many  finely  crystallized  specimens  of  the  mineral.  However, 
these  mines  have  not  been  operated  for  many  years  and  have  never 
made  any  commercial  production  of  wulfenite.  Specimens  from  the 
Red  Cloud  and  the  Hamburg  mines  show  that  the  wuKenite  is  often 
associated  with  vanadinite.  Wulfenite  is  also  reported  as  occurring 
at  Dome,  in  the  same  county,  with  cerussite  in  a  fluorite  gangue,  Uke- 
wise  in  considerable  quantities  in  several  mines  in  the  Castle  Dome 
district,  about  30  miles  to  the  north. 

In  Pima  Coimty  a  property  consisting  of  three  and  one-half  claims 
owned  by  Louis  Ezekiek,  of  Tucson,  and  situated  about  25  miles  west 
of  that  city,  is  said  to  show  2  or  3  per  cent  of  wulfenite  associated  with 
vanadinite  in  a  well-defined  quartz  vein.  R.  O.  Boykin,  of  Tucson, 
and  associates  are  the  owners  of  a  prospect  20  miles  from  that  city 
and  within  one-quarter  mile  of  a  good  wagon  road;  it  is  said  to  show 
3  feet  of  ore  carrying  3  per  cent  of  wulfenite  associated  with  vanadi- 
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nite.  Ooncentration  tests  are  reported  to  have  yielded  a  product 
contaLomg  about  25  per  cent  molybdic  trioxide.  Sufficient  water 
supplies  to  run  a  small  mill  the  year  round  is  said  to  be  obtainable 
from  a  stream  nearby. 

According  to  Pratt  ^  there  is  an  occurrence  of  wulf enite  in  a  mine 
opened  for  copper  at  Troy,  in  the  eastern  part  of  Pinal  County,  within 
a  few  miles  of  the  Gila  County  line.  The  wulfenite  is  said  to  occur 
in  veins  of  quartz,  which  carry  1^  to  3  per  cent  of  the  mineral.  Pratt 
further  states  that,  "JL  concentrating  mill  has  been  erected  for  sepa- 
rating the  wulfenite  from  its  gangue,  and  the  Troy-Manhattan  Cop- 
per Co.,  which  owns  the  property,  is  installing  a  plant  for  treating 
the  wulfenite  concentrates."  Inquiries  by  the  writer  failed  to  show 
that  this  property  had  ever  become  a  commercial  producer  of  wul- 
fenite. 

J.  Jay  Sullivan,  of  Phoenix,  Ariz.,  has  recently  submitted  to  the 
Bureau  of  Mines  a  sample  of  high-grade  wulfenite  concentrates  in 
which  that  mineral  is  associated  with  considerable  vanadinite.  The 
property  from  which  these  concentrates  were  derived  is  said  to  be 
situated  4  miles  from  Kelvin,  in  Pima  County. 

The  Mohawk  mine,  which  is  only  a  few  himdred  yards  from  the 
Mammoth  mine  at  Schultz  (PL  VI),  is  said  to  show  considerable 
quantities  of  wulfenite  in  its  workings.  At  the  time  of  the  writer's 
visit  the  property  had  not  been  operated  for  many  years,  and  the 
workings  could  not  be  examined,  as  they  were  not  in  condition  to  risk 
entry.  In  the  shaft  house  there  were  a  few  tons  of  wulfenite  concen- 
trates which  had  been  recovered  from  the  dump  by  leasers.  The 
writer  would  estimate  that  these  concentrates  contained  15  to  20  per 
cent  molybdic  trioxide.  The  wulfenite  was  associated  with  con- 
siderable magnetite. 

J.^M.  Kellog,  of  Patagonia,  Santa  Cruz  Coxmty,  owner  of  the  Blue 
Lead  mine  6  miles  north  of  the  town,  reports  that  there  is  a  con- 
siderable quantity  of  wulfenite  in  its  ores.  The  wulfenite  is  said  to 
be  associated  with  a  large  amoimt  of  pyromorphite. 

The  Bureau  of  Mines  has  received  weU-cystallized  specimens  of 
wulfenite  from  C.  R.  Powers,  of  Gleason,  Cochise  County.  The  vein 
in  which  this  mineral  occurs  is  said  to  consist  of  porphyry  and  to  cut 
a  granite  formation.  The  ore  shobt,  exposed  by  a  shaft  50  feet  deep, 
is  reported  as  being  12  feet  wide.  The  wulfenite  is  associated  with 
vanadinite  and  occurs  in  seams  and  stringers  throughout  the  ore. 

Wulfenite  is  also  said  to  be  a  common  constituent  of  the  ores  of 
the  Tombstone  district,  Cochise  Coxmty,*  and  in  places  it  occurs  in 
considerable  quantities.    In  Yavapai  County  it  is  reported  to  occur 

a  Pratt,  7.  H.y  StesI  and  iran  hardening  metals:  Mineral  Resources  U.  S.  for  1903,  U.  S.  Oeol.  Survey, 
1004,p.342. 
^  AxaOn,  W.  L.,  SOW  miUing  In  Ariaooa:  Trans.  Am.  Inst.  Wm  Eng.,  vol.  11, 1882-83,  p.  105. 
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in  the  ores  of  several  prospects  in  the  Bradshaw  Mountains  ;<>  also 
with  pyromorphite  at  the  Accidental  mine  of  the  Poland  Mining  Co.^ 
of  Prescott.  The  latter  property  is  situated  in  Lynx  Creek  Valley 
near  Prescott.  The  mineral  is  also  said  to  occur  at  the  Vulture  mine 
in  Maricopa  County.^ 

0CCT7BBENCB    OF    MOLYBDENTTB    AT    THE    I«EVIATHAN    MENBS, 

MOHAVE  COUNTY. 

The  molybdenite  property  of  the  Leviathan  Mines  O).  is  situated 
in  Copper  Canyon,  Mohave  County,  on  the  eastern  slope  of  the  Hual- 
pai  Moimtains.  It  is  in  the  Cedar  Valley  mining  district,  about  3 
miles  southeast  of  Copperville  and  about  25  nules  east  of  Yucca,  the 
nearest  point  on  the  Atchison,  Topeka  &  Santa  Fe  Railway.  The 
property  is  reached  from  Yucca  by  a  good  wagon  road  to  Copper- 
ville, thence  by  trail  down  Copper  Canyon  to  the  claims,  which  at 
their  low  point  in  the  canyon  bottom  are  at  an  altitude  of  about  4,000 
feet.  The  coimtry  is  arid  and  as  vegetation  is  confined  to  desert 
types  no  timber  is  available.  Fortunately,  water  for  domestic  use 
can  be  obtained  from  springs  in  the  canyon  and  additional  supplies 
for  other  purposes  from  the  mine  seepage.  The  wagon  road  from 
Yucca  to  Copperville  passes  over  the  main  range  of  the  Hualpai 
Moimtains,  and  reaches  an  elevation  of  about  a  mile.  The  altitude 
at  Yucca  is  1,789  feet,  and  from  this  point  to  the  base  of  the  moun- 
tains on  the  west  the  road  has  only  a  slight  grade,  averaging  perhaps 
1  or  2  per  cent,  but  on  the  Yucca  side  of  the  range  proper  the  grade  is 
about  7  per  cent,  and  on  the  Copperville  side  there  are  grades  as  high 
as  11  per  cent.  Notwithstanding  these  steep  pitches  the  road  is 
fairly  passable,  and  auto  trucks  with  loads  of  4  to  5  tons  make  the 
trip  from  Copperville  to  Yucca  in  about  two  hours. 

The  Leviathan  properties  consist  of  a  group  of  six  claims  located 
on  two  approximately  parallel  veins  known  as  the  '^ Whale"  and  the 
'* Copper  Wonder."  These  veins  traverse  a  granite  country  rock  and 
consist  of  white  quartz  carrying  molybdenite  and  chalcopyrite  as  the 
principal  ore-forming  minerals.  The  strike  of  both  veins  is  approx- 
imately north-south,  and  they  dip  between  85°  and  90°  west.  As  the 
granite  coimtry  rock  is  more  easily  weathered  than  the  hard  quartz 
vein  material,  erosion  has  left  the  veins  sticking  into  the  air  and  made 
their  outcrops  easily  traceable.  In  some  places  the  outcrop  of  the 
Whale  vein  is  30  to  40  feet  high  and  its  outcrop  on  the  south  side  of  the 
canyon  can  be  seen  for  nules.  Plate  VIII  shows  views  of  this  out- 
crop, which  can  be  traced  for  more  than  1,500  feet.  The  Whale  vein 
which  is  the  larger  of  the  two,  varies  in  width  from  6  to  40  feet,  and  the 
Copper  Wonder  vein  from  about  2  to  20  feet. 

a  Sanford,  8.,  and  StoDe,  R.  W.,  Useful  minerals  of  the  United  States:  U.  S.  Oeol.  Survey  BulL  585, 1914, 
p.  19. 
b  Dana,  £.  S.,  A  system  of  mineralogy,  dth  ed.,  1911,  p.  991. 
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The  molybdenite  occurs  in  alnorphous  and  finely  crystalline  form  in 
thin  veinlets  and  irregular  masses  throughout  the  quartz,  and  as  a 
fine  crystalline  powder  and  as  nuggets  in  vugs  and  cavities  in  the 
veins.  Much  of  it  is  somewhat  intimately  associated  with  chalcopy- 
rite,  and  in  only  a  few  places  could  the  writer  obtain  specimens  that 
were  free  from  copper.  In  some  places,  the  individual  masses  of 
molybdenite  and  chalcopyrite  are  large  and  are  separated  by  masses 
of  quartz,  and  in  other  places  they  may  be  very  small  and  closely 
intermingled.  Plate  IX,  A,  illustrates  a  section  through  a  piece  of 
typical  ore  showing  the  relation  of  the  two  mineralSi  Where  weather- 
ing has  taken  place  both  the  molybdenite  and  the  chalcopyrite  have 
formed  alteration  products,  the  former  changing  to  the  yellow  mo- 
lybdite,  and  the  chalcopyrite  to  malachite  and  azurite.  Secondary 
copper  sulphides  have  also  been  formed  and  in  several  places  on  the 
TVhale  vein  native  copper  occurs.  In  this  vein  there  are  also  occasional 
occurrences  of  pyrite  and  small  patches  of  sphalerite,  and  the  ore  is 
reported  to  carry  about  0.02  oimoe  of  gold  and  1.4  oimoes  of  silver  per 
ton. 

The  country  rock  is  a  medium-grained  gray  granite  consisting  of 
quartz,  feldspar  (orthoclase,  microcline,  and  plagioclases  varying  from 
albite  to  labradorite)  biotite,  muscovite,  and  small  amounts  of  the 
usual  accessory  minerals,  zircon  and  apatite.  In  the  specimen  ex- 
amined there  was  much  zonal  development  in  the  feldspar  and  also 
nmch  alteration  to  sericite  and  possibly  kaolin.  The  rock  is  more 
monzonitic  in  character  than  the  usual  granite,  but  it  is  a  granite 
nevertheless. 

Development  work  has  practically  been  confined  to  the  Whale  vein. 
At  the  time  of  the  writer's  visit  to  the  property  in  June,  1915,  it  con- 
sisted of  two  timnels  driven  along  the  strike  of  the  vein  only  a  few 
feet  above  the  level  of  the  canyon  floor  on  opposite  sides  of  the  gulch, 
and  of  a  shaft  sunk  on  the  north  side  of  the  canyon.  The  tunnel  on 
the  south  side  had  been  driven  for  about  210  feet,  and  that  on  the 
north  for  about  30  feet.  The  shaft  was  100  feet  deep  and  a  drift  had 
been  driven  from  the  bottom  in  a  southerly  direction  for  20  feet. 

The  writer  estimates  that  the  average  grade  of  ore  exposed  in  the 
workings  and  in  the  outcrop  contains  between  2  and  3  per  cent 
MoS,^  and  1^  to  2  per  cent  copper.  This  estimate  is  substantiated 
by  the  results  of  22  analyses,  each  representing  samples  taken  over 
widths  of  2  to  1 7  feet  at  various  points  in  the  timnel  and  shaft  and 
on  the  outcrop.  These  analyses,  which  were  kindly  furnished  the 
writer  by  R.  C.  Jacobson,  general  manager  and  engineer  of  the  com- 
pany, averaged  2.73  per  cent  MoSj,  and  1.71  per  cent  copper,  and 
indicate  that  the  percentages  of  molybdenum  (metal)  and  copper  in 
the  ore  are  approximately  equal.  Several  rich  streaks  in  the  ore  body 
are  reported  as  containing  5  to  8  per  cent  MoS^  over  widths  of  4  to 


54  MOLYBDENUM;   ITS  OltES  AND  THEIR  CONCENTRATIOI^. 

6  feet.    The  ore  that  is  richest  in  molybdenite  appears  to  contain 
relatively  less  copper  than  that  of  average  grade. 

No  particular  diffictdty  should  be  encountered  in  concentrating 
this  ore  either  by  electrostatic  or  flotation  methods,  but  the  concen- 
trates obtained  would  consist  of  a  mixtiire  of  molybdenite  and  chal- 
copyrite,  probably  in  almost  equal  parts,  and  in^that  form  their 
molybdenite  content  would  be  of  little  value.  A  retreatment  of  the 
concentrate  by  any  one  of  a  number  of  mechanical  methods  would 
probably  separate  the  greater  portion  of  the  copper  from  the  molyb- 
denite (see  pp.  94  to  109),  but  the  writer  is  of  the  opinion  that  none 
of  these  processes  would  completely  eliminate  the  copper  from  a 
product  containing  such  a  large  percentage  of  it.  If  such  is  the  case^ 
chemical  methods  of  separation  must  be  employed.  The  results  of 
a  concentration  test  on  this  ore  by  the  Wood  flotation  process  are 
given  on  page  104. 

At  the  time  of  the  writer's  visit  to  the  property,  surface  equipment 
Consisted  of  a  shaft  house  containing  a  Western  Iron  Works 
10-horsepower  gasoline  hoist,  a  compressor  house  containing  an 
Alamo  20-horsepower  gasoline  engine  (type  S)  belted  to  a  Clayton 
two-drill  air  compressor,  a  blacksmith  shop,  and  a  cookhouse. 
The  miners  were  quartered  in  tents.  The  little  water  seeping  into 
the  shaft  was  removed  by  means  of  a  small  Cameron  sinking  pump^ 
which  delivered  it  when  required  to  a  3,500-gallon  galvanized-iron 
storage  tank.  This  water  supply  was  used  for  cooling  the  engine 
jackets. 

It  is  estimated  that  the  cost  of  mining  will  vary  from  $1  to  S1.50 
per  ton,  according  to  the  scale  on  which  it  is  carried  on.  A  water 
supply  sufficient  for  milling  purposes  could  probably  be  developed 
and  brought  to  the  property  at  reasonable  cost.  Moreover,  on 
account  of  the  location  of  the  mine  in  a  canyon  having  a  considerable 
drainage  area,  a  considerable  quantity  of  mine  water  will  in  all 
probability  have  to  be  pumped  with  further  deepening  of  the  shaft 
and  extension  of  the  workings.  This  water  might  be  used  as  a 
supplementary  supply  for  milling.  At  present  the  cost  of  trans- 
portation to  and  from  the  railroad  at  Yucca  is  high,  but  if  a  road 
were  built  connecting  the  claims  with  the  road  at  Copperville  this 
cost  would  probably  not  exceed  $7  or  $8  per  ton. 

The  outcrop  of  the  Whale  vein  is  so  exceptionally  well  defined  and 
so  wide  and  the  molybdenite  and  the  copper  contents  of  the  vein, 
as  indicated  by  sampling  of  the  outcrop  and  workings,  are  so  regular 
and  persistent  that  the  writer  considers  the  property  a  most  prom- 
ising one  notwithstanding  the  unfortunate  association  of  copper 
with  the  molybdenite. 
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ICOLYBDBNITB  AT  THE  SMITH  &  SAWYBB  AND  THE  IStLXMK 

CLAIMS,  MOHAVE  COUNTY. 

Just  below  the  property  of  the  Leviathan  Mines  Co.  in  CJopper 
Canyon  and  within  a  distance  of  2  miles  there  are  16  or  17  other 
well-defined  veins,  all  containing  molybdenite  associated  with  chal- 
copyrite  in  white  quartz,  striking  in  approximately  the  same  dtrec* 
tion  and  having  the  same  general  characteristics  as  those  of  the 
Whale  and  the  Copper  Wonder  veins.  Nine  claims  have  been 
located  on  these  deposits,  one  group  of  five  claims  belonging  to 
Smith  &  Sawyer,  of  Kingman,  and  a  group  of  four  owned  by  J.  F. 
l^er,  of  Copperville.  As  far  as  can  be  determined  from  an  inspec- 
tion of  their  outcrops,  the  average  width  of  these  veins  is  seemingly 
1  to  10  feet  and  their  average  content  in  molybdenite  and  copper 
is  approximately  the  same  as  in  the  Whale  vein,  that  is,  2  to  3  per 
cent  MoS,  and  1^  to  2  per  cent  copper.  However,  the  relative  pro- 
portions of  molybdenite  and  copper  in  the  different  veins  seem  to 
vary  considerably,  but  inasmuch  as  httle  development  work  has 
been  done  on  any  of  the  deposits,  this  seeming  variation  may  not 
be  true  of  the  veins  as  a  whole  but  may  be  solely  due  to  local  differ- 
ences in  the  individual  veins. 

The  molybdenite  in  the  outcrops  of  most  of  the  veins  has  been 
extensively  altered  to  molybdite,  and  one  of  the  veins  of  the  Smith 
and  Sawyer  group  in  particular  has  furnished  many  remarkably  fine 
crystallized  specimens  of  this  mineral.  A  considerable  quantity  of 
bomite  was  noted  in  the  ore  from  a  vein  on  the  Miller  property. 

Inasmuch  as  the  mining,  concentration,  and  transportation  prob- 
lems involved  in  working  these  veins  are  identical  with  those  pre- 
sented by  the  deposits  of  the  Leviathan  Mines  Co.,  they  will  not  be 
dealt  with  here. 

Considered  as  a  whole,  this  system  of  approximately  parallel  veins 
on  the  Leviathan,  Smith  &  Sawyer,  and  Miller  properties  constitutes 
one  of  the  notable  molybdenite  deposits  of  the  United  States. 

MOIiYBDENITE  PBOFEBTY  OF  ABIZONA  MOLYBDENUM  CO.,  PIMA 

COUNTY. 

The  molybdenite  property  of  the  Arizona  Molybdenimi  Co.  is  situated 
in  the  northerly  end  of  the  Baboquivari  Moxmtains,  Pima  Coxmty, 
about  35  miles  from  the  railroad  at  Twin  Buttes,  the  terminal  station 
of  a  branch  line  from  Sahuarita  on  the  Southern  Pacific  Railroad.  It 
consists  of  10  mining  claims  of  approximately  20  acres  each.  The  ore 
as  represented  by  a  5-pound  sample  sent  to  the  writer  is  seemingly  a 
pegmatite  which  consists  almost  entirely  of  quartz  and  highly  altered 
feldspar,  and  throughout  which  molybdenite,  chalcopyrite,  and 
small  quantities  of  galena  occur.    The  ore  is  reported  to  contain  gold 
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and  silver,  and  a  lot  said  to  be  an  average  sample  from  a  width  of  8 
feet  at  one  point  in  the  vdn  is  stated  to  have  assayed  2.2  ounces  of 
silver,  1.8  ounces  of  gold,  and  3.9  per  cent  copper.  The  vein  is  re- 
ported to  be  4  to  10  feet  wide  and  to  strike  southeast.  It  is  said  to 
traverse  a  coarse-grained  granite.  Development  on  the  property  con- 
sists of  three  shafts,  36,  40,  and  60  feet  deep,  and  of  about  eight 
smaller  shafts  each  10  to  12  feet  deep.  F.  J.  Wharton,  of  Tucson,  is 
the  president  of  the  company. 

ICOLYBBBNTEE  AT  LBABBB  HINE,  PQCA  COUNTY. 

The  Leader  mine,  of  the  Helvetia  Copper  Co.,  is  situated  near  the 
town  of  Helvetia,  Pima  County,  at  an  altitude  of  about  4,700  feet, 
on  the  westerly  slope  of  the  Santa  Rita  Moimtains,  about  27  miles 
southeast  of  Tucson.  The  main  tunnel  by  which  the  property  is 
opened  runs  in  a  general  northerly  direction,  on  the  contact  of  an 
altered  limestone  with  an  underlying  granite.  In  operating  the  mine 
for  copper  a  number  of  years  ago,  an  occurrence  of  molybdenite  was 
encountered  at  a  depth  of  about  40  feet  in  a  winze  sunk  from  the 
ttmnel  level,  about  150  feet  in  from  the  portal.  At  the  time  of  the 
writer's  visit  to  the  property,  this  part  of  the  winze  was  inaccessible. 
The  following  information  regarding  the  occurrence  is  taken  from  a 
description  by  Schrader  and  Hill,*  who  visited  the  mine  in  1909. 

The  winze  referred  to  above  is  sunk  on  a  quartz  vein  containing 
various  copper  minerals,  and  dipping  at  an  angle  of  about  40^.  At 
the  tunnel  level  this  vein  is  only  a  few  inches  in  width,  but  there  is  1 
to  3  feet  of  mineralized  limestone  on  either  side  of  it,  containing 
chalcop3nrite,  pyrite,  coarse  calcite,  and  quartz,  the  whole  constituting 
a  low-grade  copper  ore.  At  a  depth  of  35  or  40  feet  in  the  winze, 
molybdenite  occurs  in  both  the  vein  and  the  surroimding  country 
rock.  Eight  or  ten  feet  farther  down  where  the  dip  of  the  vein 
flattens  the  chalcopyrite  and  pyrite  practically  disappear,  and  there 
is  a  great  increase  in  the  quantity  of  the  molybdenite.  At  this  point 
there  is  a  body  of  relatively  pure  molybdenite  ore  at  least  3  or  4  and 
perhaps  6  or  7  feet  thick.  The  molybdenite  occurs  as  lenses,  irregular 
bimches,  and  crystal  aggregates  associated  with  both  the  quartz  and 
the  highly  altered  limestone.  Its  most  common  form  is  as  small, 
flaky  crystals. 

The  rock  in  which  the  molybdenite  occxub  is  described  as  a  "  dull- 
brownish  and  greenish  to  ydllowish  mineralized  gametiferous  silici- 
fied  limestone  and  quartz."  It  is  somewhat  massive,  and  varies  from 
fine  to  medium  grained.  It  is  composed  largely  of  pale-greenish 
garnet   corresponding  to   grossularite.    Quartz   is   the  next  most 

a  Schrader,  F.  C,  and  Hill,  7.  H.,  Some  oocurrenoes  of  molybdenite  in  the  Santa  Rita  and  Patagonia 
Monntains,  Arisma:  XJ.  S.  Qeol.  Survey  Bull.  430, 1910,  pp.  156-157. 


DESCRIPTION   OF   DEPOSITS.  57 

abundant  mineral,  with  calcite,  magnetite  (or  ilmenite),  and  epidote 
present  in  small  quantities  as  secondary  minerals. 

Plate  IX,  Bj  shows  a  section  through  a  typical  piece  of  molybdenite 
ore  picked  up  by  the  writer  from  a  pile  of  2  or  3  tons  on  the  dump 
at  the  mine.  The  molybdenite  is  seen  as  small  flaky  crystals  (white) 
scattered  through  the  groimdmass  of  the  highly  altered  rock. 

The  ore  as  represented  by  the  small  dump  above  mentioned  con- 
tains perhaps  5  to  6  per  cent  molybdenite.  Since  the  writer's  visit 
to  the  property  some  development  work  has  been  done  oh  the  molyb- 
denite ore  and  a  few  tons  gotten  out.  In  the  annual  report  of  the 
company  for  1915  sales  of  molybdenite  ore  during  the  year  are  said 
to  have  netted  $1,891,  and  it  is  stated  that  there  were  approximately 
100  tons  of  ore  in  sight  that  should  net  about  $26  a  ton.^ 

OTEmB  OGOXJBBBNGBS  OF  ICOLYBDEKITB. 

It  is  reported  that  a  few  tons  of  rich  molybdenite  ore  was  taken 
out  several  years  ago  by  the  Cuprite  Copper  Co.,  of  Tucson,  in  mining 
a  large  pocket  of  copper  ore  on  its  property  in  the  northwest  end  of 
the  Santa  Rita  Mountains,  in  Pima  County.  The  property  is  about 
8}  miles  south  of  Vail,  the  nearest  point  on  the  Southern  Pacific  Rail- 
road, and  at  an  altitude  of  about  4,000  feet.  No  molybdenite  ore  in 
place  could  be  found  by  the  writer  in  a  hasty  examination  of  the  mine 
workings,  but  several  specimens  containing  10  to  20  per  cent  of  the 
mineral  were  picked  up  on  the  mine  dump.  In  these  the  molybdenite 
was  associated  with  chalcopyrite  and  copper  carbonates  in  a  gangue 
of  highly  altered  and  silicified  Umestone.  No  evidence  as  to  the  form 
of  the  molybdenite  deposit  or  the  possibilities  of  fmiher  occurrences 
of  the  mineral  could  be  obtained. 

E.  O.  Stratton,  of  Tucson,  and  associates  are  the  owners  of  a 
molybdenite  property  situated  on  Marble  Creek,  in  the  Santa  Catalina 
Mountains,  in  Pima  Coimty,  about  20  miles  northwest  of  Tucson  and 
15  miles  soutii  of  Oracle.  Some  promising  showings  of  molybdenite 
are  said  to  have  been  encoimtered  in  prospect  work. 

Other  occurrences  of  molybdenite  in  Pima  and  Santa  Cruz  Counties 
are  as  follows: 

At  the  Ridley  mine,  owned  by  C.  B.  Ridley,  of  Helvetia,  and  situ- 
ated in  the  foothills  about  1  \  miles  southwest  of  that  town. 

At  the  McCleary  prospects  in  Madera  Canyon,  about  10  miles  south- 
southwest  of  Helvetia  and  35  miles  south  of  Tucson. 

In  the  foothill  part  of  Providencia  Canyon,  about  10  miles  north- 
east of  Nogales  and  5  miles  north  of  the  tJnited  States-Mexican  bound- 
ary line  near  the  Golden  Rose  and  at  the  Buena  Vista  mine,  the  latter 

o  Editorial  Eng.  and  Min.  Jour.,  vol.  101, 1916,  p.  482. 
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owned  by  the  Banco  del  Oro  Mining  Co.,  of  Magdalena,  Sonora, 
Mexico. 

At  Duquesne,  about  a  quarter  of  a  mile  west  of  the  Belmont  miney 
on  property  owned  by  Capt.  O'Connor,  of  Duquesne. 

At  the  Benton  mine  and  the  Line  Boy  prospect  in  San  Antonio 
Canyon,  about  2  miles  south  of  Duquesne  and  1 5  milea  north-north- 
east of  Nogales.  The  Benton  mine  is  owned  by  Dennis  Coughlin  and 
partners,  and  the  Line  Boy  prospect  by  Capt.  O'Connor,  all  of 
Duquesne. 

In  all  these  localities  the  molybdenite  occurs  in  granite  or  in  quartz 
traversing  the  granite.  None  of  the  properties  has  been  developed 
beyond  the  prospect  stage,  and  present  showings  do  not  indicate  that 
any  of  them  are  of  commercial  importance.  The  above  information 
concerning  these  occurrences  was  obtained  from  detailed  descriptions 
by  Schrader  and  Hill.<* 

It  is  stated  ^  that  one  of  the  mines  of  the  Santa  Nina  Co.,  of  Pata- 
gonia, has  a  6-inch  or  7-inch  vein  of  high-grade  molybdenite  ore  in 
one  of  their  copper  mines. 

•  Molybdenite  is  found  in  the  ores  of  the  Clifton-Morenci  district, 
Greenlee  County,  in  fissure  veins  with  pyrite,  chalcopyrite,  and  spha- 
lerite.^ It  also  occurs  in  the  disseminated  ores  at  Miami,  Gila  County, 
in  the  primary  ores  of  the  chloride  district,  Mohave  County,  in  a 
granite-gneiss,  and  as  an  original  mineral  in  the  ores  at  the  Ray  and 
Kelvin  mines  in  Pinal  County.*^ 

CALIFORNIA. 

Although  there  has  never  been  any  commercial  production  of 
molybdenxun  ore  in  California,  molybdenite  is  widely  distributed 
throughout  the  State  and  development  work  on  some  of  the  known 
occurrences  of  the  mineral  will  probably  prove  them  to  be  of  economic 
importance. 

Following  is  a  list  of  deposits  that  have  come  to  the  author's 
attention.  The  list  includes  41  occurrences  of  molybdenite  in  16 
different  counties.  Brief  notes  regarding  six  of  these  occiurences 
foUow.  Wulfenite  has  been  reported  in  a  few  localities,  principally 
in  the  southern  part  of  the  State,  but  as  far  as  known  to  the  writer 
none  of  the  deposits  of  this  mineral  is  of  commercial  interest, 

aBchrader,  F.C.,  and  Hill,  J.  M.,  Some  occtarences  of  molybdenite  in  the  Santa  Rita  and  Patagonia 
Mountains,  Arizona:  Contributions  to  economic  geology:  U.  S.  Geol.  Burvey  Bull.  430, 1910,  pp.  154-162. 

fr  Private  communication  from  J.  H.  Kellogg,  Patagonia,  Ariz. 

e  Lindgren,  W.,  The  genesis  of  the  copper  deposits  of  Clifton-Montmorenci,  Arizona:  Trans.  Am.  Inst. 
Min.  Eng.,  vol.  34, 1905,  pp.  515, 523. 

(f  Sanford,  S.,  and  Stone,  R.  W.,  Useful  minerals  of  the  United  States:  U.  S.  Oeol.  Survey  Bull.  68S^ 
1914.  p.  16. 
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Oocwrenou  of  molybdenite  in  Calif omia. 


Location. 


Calaveras  Coanty: 
New  Big  Tree. 


Z«flamine. 


£ldorado  County: 
Fairplay 


Near  Red  Hill,  9  miles  east  of 

Sanger. 
36  miles  northeast  of  Millwood . 

Grizzly  Flat 

Fresno  Coanty: 

Kings  River  Canyon,  copper 

mine. 
Green  Mountain,  south  fork  of 

San  Joaquin  River. 

Fresno  Flat 

Buchanan  prospect,  west   of 

Granite  Creek,  south  fork  of 

Kings  River. 

Near  Soda  Springs. . . ^ 

Inyo  County: 

Bishop,   near   Hillside  Dam, 

soutii  of  Bishop  Lake. 

White  Mountahis 

West  Arm  of  Death  Valley, 

south  of  Lida. 
Kfim  Coanty: 

Odd  region  near  Havilah 


Near  C  aliente 

2|  miles  northeast  of  Rands- 
burg. 

Los  Angeles  County: 

Northeast  part  of  county 


Los  Angeles. 


Mono  County: 

12  miles  northwest  of  Bridge- 
port, on  west  fork  of  Walker 
River. 

Mono  Lake 

Cameron,  near  Bridgeport 


Remarks. 


Associated  with  feldspar . 


Associated  with  quartz,  seridte, 
and  pyrite. 

Small  crystals  with  caldta,  chal- 
copyrite,  garnet,  and  epidote. 

Flakes  up  to  i  inch  in  diameter 
in  white  quartz. 

Fair-sized  flakes  in  white  quartz, 


Large  flakes 

Flakes  in  quartz. 


See  p.  62. 

In  quartz . . . . . 
See  p.  61. 


Seep.  63. 

Deposit  said  to  be  30  feet  wide 
and  traced  for  2  mfles  on  lime- 
schist  contact. 


Associated  with  feldspar  and 
quartz. 

Molybdenite-bearing  core  about 
20  feet  wide  in  quartz  vein  as- 
sociated with  molybdite. 

Crystals  on  quartz 


Minnie     mine,      Sweetwater 
Range. 
Nevada  County: 

Mariposa  mine,  Rosariodistrtet. 
Maynower  mine,  Nevada  City.. 

Placer  Coantv: 

Golden  Stag  mine, Ophir  region. 

On   Red  Mountain,  3   miles 
north  of  Cisco. 
Riverside  County: 

4^  miles  northeast  of  Corona 

About  17  miles  west  of  Hemet, 

to  sec.  3,  T.  5  S.,  R.  2  E. 
10  miles  from  Corona 


San  Bernardino  Couiyty: 
Leastalk 


San  Diego  County: 

40  milesyeast  of  San  Diego . 
NearDulzura 


Campo. 
Do. 


In  quartz . 


Flakes  up  to  2  inches  in  diameter 
in  quartz. 


Small  flakes. 


Crystalline  molybdenite  in  white 
quartz. 

See  p.  62. 

Fair  sized  flakes  In  iron-stained 

quartz. 
In  siliceous  gangue 


Fine  grains  in  white  quartz  with 
chalcopyrlte. 


Dewey  mine  at  Grapevine,  near 
Warners  Hot  Springs. 
Shasta  County: 

Tom  Neal  Mocntain,  5  miles 
from  Delta. 

Hazel  Creek 

I.«amQlDe 


See  p.  60. 

Small  flakes  with  quartz  and 

ferro-magnesium  minerals. 
In  granite 


Associated    with   feldspar   and 
quartz. 


Reference. 


In  granite. 
....do 


Specimen   in    U.    S.   National 
Museum. 
Do. 


Specimen  in  .\gaS8iz  Museum. 

Specimens  in  collection  of  U.  S. 

Geol.  Survey. 
Specimen  in  California  Bureau  of 

Mines  Museum. 
Do. 

Do. 

Do. 

Do. 


Do. 


Do. 
Eng.  and  Min.  Jour.,  vol.  81, 1006, 
p.  205. 

U.  8.  Geol.  Survey  Bull.  585, 1014, 
p.  33. 

Eng.  and  Min.  Jour.,  vol.  96, 1013, 
p.  186. 


Mineral  Resoivces  U.  S.  for  1901: 
U.  8.  Geol.  Survey,  1902,  p.  266. 

Specimen  in  U.  S.  National 
Museum. 

Mineral  Resources  U.  S.  for  1901: 
U.  S.  Geol.  Survey,  1902,  pp. 
265-266. 

Specimen  in  .\gassiz  Museum. 

Specimen  in  Califomia  Bureau  of 
Mines  Museum. 
Do. 


Do. 
Do. 


U.  S.  Geol.  Survey  Bull.  586, 1914, 

p.  33. 
Specimens  in  collection  of  U.  S. 

Geol.  Survey. 


Do. 

Mineral  Industry,  vol.  7,  1808, 
p.  514. 

Specimens  in  collection  of  U.  S. 
Geol.  Survey. 


Specimens  in  collection  of  U.  S. 

Geol.  Survey. 
Specimen  in  Califomia  Bureau 

of  Mines  Museum. 
Specimen   in    U.    S.    National 

Museum. 
Mineral  Industry,  vol.  11,  1902, 

p.  477. 

Specimen  in  California  Bureau 

of  Mines  Museum. 
Da 
U.S.  Geol.  Survey  Bull.  585, 1914, 

p.  33. 
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Occurrences  of  molybdenite  in  California — Continued. 


Location. 


Tulare  Coonty: 
TbiM  Riven. 


California  Hot  Springs , 
Taolumne  County: 

West  of  Tower  Peak . . 


South  of  Knight  Creek,  north- 
east of  Columbia.' 
Ventura  County: 

On  Alamo  Mountain,  north- 
eastern part  of  county. 


Remarks. 


Seep.  62. 

In  quarts  gangue  on  a  oontact  of 
marble  and  a  white  sdiistose 
pyroxene  with  epldote  and 
sphalerite. 

In  granite 


Vein  said  to  be  8  to  15  feet  wide . . 


Specimen  In  CaUfomla  Bureau 
of  Mines  Museum. 


Turner,  Am.  Jour.  ScL,  vol.  5, 
1808,  p.  427. 


DOb 


Mineral  Reaouroes  U.  8.,  1901, 
U.  S.  Geol.  Survey,  1003,  pp. 
26ih-266;  Eng.  and  Min.  Jour., 
vol.  72, 1901,  p.  337. 


MOLYBDENTTB  AT  PBOPEIITY  OF  SANTA  3CABIA  MOLYBDEITDIC 
MININa  Sc  UILLJNQ  CO.,  SAN  DIEOO  COUNTY. 

The  property  of  the  Santa  Maria  Molybdenum  Mining  &  Milling 
Co.,  of  San  Diego,  is  situated  about  40  miles  east  of  that  city  in  the 
hiUs  to  the  southeast  of  the  San  Pasquale  valley  and  is  readily  reached 
from  San  Diego  by  automobile,  the  road  being  excellent.  It  is  under- 
stood to  consist  of  160  acres  of  patented  ground. 

The  molybdenite-bearing  deposit  consists  of  a  large  granite  dike 
varying  in  width  from  35  to  100  feet  and  striking  in  a  general  north- 
easterly direction.  The  outcrop  of  this  dike  is  about  half  a  mile  long 
and  is  particularly  well  defined.  Plate  X,  A,  shows  a  view  looking 
toward  the  northwestern  end,  where  the  outcrop  terminates  in  an 
almost  perpendicular  cliff  about  200  feet  high.  The  canyon  on  which 
this  c^liff  faces  drains  into  San  Pasquale  valley  which  maybe  seen 
in  the  distance  in  Plate  X,  ^.  A  good  idea  of  the  size  of  the  deposit 
may  be  gained  from  a  comparison  with  the  size  of  the  persons  shown 
in  the  illustration. 

The  molybdenite  occurs  sparingly  throughout  the  granite  in  crys- 
tal aggregates  and  irregularly  shaped  masses  of  radial  structure, 
most  of  which  vary  in  size  from  one-eighth  to  1  inch  in  maximum 
diameter.  It  is  associated  with  a  little  pyrite.  Both  the  molyb- 
denite and  the  pyrite  have  been  altered,  the  former  slightly  and  the 
latter  extensively.  In  a  few  instances  the  transformation  of  themolyb- 
denite  to  molybdite  has  been  complete,  the  latter  mineral  crystal- 
hzing  in  radial  groups,  such  as  are  shown  in  Plate  V,  B,  which  illus- 
trates a  specimen  of  molybdite  from  this  property.  More  often, 
however,  the  molybdenite  has  been  only  partly  altered,  resulting  in 
many  interesting  specimens,  one  of  which  is  pictured  in  Plate  II,  B. 
The  iron  oxide  formed  by  the  alteration  of  the  pyrite  has  stained  the 
larger  part  of  the  outcropping  granite  a  light  red.  In  this  stained 
part  the  molybdenite  areas  are  almost  invariably  surrounded  by  a 
Sarrow  rim  of  unstained  rock,  as  is  rather  clearly  aiustrated  in  Pbte 
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XI,  A,  which  shows  a  typical  specimen  of  molybdenite  ore  from  the 
property. 

The  granite  of  which  the  dike  is  composed  is  mediimi  grained,  and 
where  not  iron  stained  it  is  light  gray  to  almost  white.  A  micro- 
scopical examination  of  it  shows  the  presence  of  the  following  min- 
erals: Quartz,  orthoclase,  plagioclases  varying  from  albite  to  oligo- 
clase,  biotite,  a  few  minor  accessory  minerals,  and  pyrite.  * 

The  only  development  work  on  the  property  at  the  time  of  the 
writer's  visit  in  1914  was  five  or  six  open  cuts  partly  crosscutting 
the  dike.  Some  of  them  showed  ore  which  might  average  from  0.25 
to  0.5  per  cent  molybdenite,  but  from  all  indications  the  dike  as  a 
whole  contains  a  very  much  smaller  percentage  of  the  mineral.  Un- 
less further  development  work  discloses  areas  richer  in  molybdenite, 
the  writer  does  not  believe  that  the  occurrence  will  prove  of  economic 
importance.  However,  as  the  character  of  the  ore  is  such  that  the 
molybdenite  can  be  readily  concentrated  into  a  high-grade  product, 
the  discovery  of  richer  ore  might  lead  to  successful  operations. 

A  lot  of  ore  weighing  313  pounds,  kindly  shipped  the  Bureau  of 
Mines  by  the  owners  of  the  property  for  concentration  tests,  and 
said  to  be  unsorted,  assayed  0.47  per  cent  M0S3.  For  the  results  of 
hand-picking  and  concentration  tests  of  this  ore,  see  pages  97  to  99. 

ICOLYBDENTTE  NEAB  BISHOP,  INYO  COT7NTY. 

Specimens  of  molybdenite  associated  with  molybdite  in  white 
quartz  have  been  submitted  to  the  bureau  by  M.  C.  Hall,  of  Bishop. 
The  deposit  from  which  the  ore  came  is  said  to  be  situated  at  an 
altitude  of  about  10,000  feet  in  the  Sierra  Nevada  Mountains  about 
20  miles  from  Laws,  the  nearest  station  on  the  Southern  Pacific 
Railroad.  There  is  a  road  from  Laws  passable  by  automobile  to 
within  a  mile  and  a  half  of  the  property,  thence  a  poor  wagon  road 
for  a  mile,  but  no  road  for  the  last  half  mile.  It  is  stated,  however, 
that  one  could  readily  be  built  to  cover  the  remaining  distance.  The 
outcrop  of  the  deposit  is  reported  to  be  about  100  feet  long  and  the 
same  distance  across.  Practically  no  development  work  has  been 
done.  Li  a  40-pound  sample  said  to  represent  average  ore,  the  author 
would  estimate  the  molybdenite  content  to  be  1  to  2  per  cent.  With 
the  exception  of  the  occasional  occurrence  of  small  grains  of  chalco- 
pyrite,  no  minerals  other  than  molybdenite  and  its  alteration  product, 
molybdite,  were  noted  in  the  quartz.  The  molybdenite  occurs  in 
flakes  varying  in  size  from  minute  specks  to  an  eighth  of  an  inch  or 
more  in  maximum  diameter,  and  the  ore  is  seemingly  of  such  a  nature 
as  to  be  readily  concentrated  by  either  electrostatic  or  flotation 
methods.  Development  work  may  perhaps  prove  the  deposit  to  be 
of  economic  importance. 

40167"— BuU.  111—16 5 
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MOLYBDENITE  AT  THE  BTTCHAKAN  PBOSFBCT,  FBBSNO  COTTHTY. 

Specimens  of  molybdenite  ore  have  been  submitted  to  the  bureau 
by  Paul  Buchanan,  of  Kearney  Park,  Cal.  They  are  said  to  have 
come  from  a  deposit  situated  on  the  north  side  of  the  south  fork  of 
Bangs  River,  between  Granite  and  Copper  Creeks,  and  about  2  miles 
west  of  Kanawyer's  Camp,  in  T.  13  S.,  R.  31  E.  The  property  is 
difficult  of  access,  being  25  miles  or  more  from  the  nearest  wagon  road 
at  Hume,  which  in  turn  is  a  greater  distance  from  the  nearest  railroad 
station.  The  vein  in  which  the  molybdenite  occurs  is  reported  to 
have  an  average  width  of  1  to  3  feet  and  to  be  traceable  on  the  surface 
for  about  3,000  feet,  but  the  outcrop  carries  molybdenum  for  only 
about  2,000  feet.  The  strike  of  the  mineralized  part  of  the  vein  is 
said  to  be  almost  north  and  south.  The  specimens  submitted  consist 
of  granite  cut  by  small  quartz  stringers  occasionally  containing 
flakes  of  molybdenite  up  to  one-fourth  inch  in  maximum  diameter. 
The  molybdenite  is  associated  with  a  small  quantity  of  chalcopyrite. 
The  granite  consists  of  quartz,  feldspar,  and  biotite,  and  is  somewhat 
iron  stained.  If  the  average  width  of  the  vein  is  only  1  to  3  feet,  as 
stated,  and  the  grade  of  the  ore  is  not  richer  than  the  samples  sub- 
mitted, the  inaccessibility  of  the  property  precludes  the  possibility 
of  its  commercial  importance. 

MOLYBDENITE  NEAB  COBONA,  BIVEBSEDE  C0T7NTY. 

An  occurrence  of  molybdenite  about  4i  miles  northeast  of  Corona 
in  a  granite  quarry  operated  by  John  Fletcher  has  been  noted  by 
Hess.  ^  Specimens  submitted  to  the  bureau  show  the  mineral  to 
occur  in  a  medium-grained  gray  granite  in  flakes  up  to  an  inch  in 
diameter.  A  piece  of  typical  ore  is  illustrated  in  Plate  XI,  B.  Hess, 
who  visited  the  deposit  in  1907,  states  that:  "The  granite  is  cut  by 
thin  pegmatite  dikes  one-half  inch  to  2  inches  wide.  Molybdenite 
in  flakes  up  to  one-half  inch  across  accompanies  the  dikes  in  small 
quantity.  In  one  or  two  places  small  flakes  may  be  found  in  the 
granite  for  a  distance  of  2  or  3  inches  from  the  dikes.  The  only  other 
metalhc  mineral  found  in  the  dike  is  iron  pyrites  in  which  an  assay 
is  said  to  have  shown  some  copper,  gold,  and  silver."  The  deposit 
is  said  to  be  small  and  is  probably  not  of  economic  importance. 

MOLTBDENTTE  NEAB  CALIFOBNIA  HOT  SPBINGS,  TTTULBE  COUNTY. 

Molybdenite  in  small  flakes  up  to  about  one-fourth  inch  maximum 
diameter  occurs  in  milky  quartz  in  a  large  vein  about  one-half  mile 
from  California  Hot  Springs.  This  town  is  about  22  miles  west  of 
Ducor,  the  nearest  point  on  the  Southern  Pacific  Railroad,  from 

a  Hess,  F.  L.,  Some  molybdenum  deposits  of  Maine,  Utah,  and  California;  Contrlbutioos  to  Eoonomic 
Geology:  U.  S.  Geol.  Survey  Bull.  340, 1907,  p.  238. 


DESCBIPTION    OF   DEPOSITS. 


63 


which  it  is  reached  by  a  good  automobile  road.  The  deposit  is  situ- 
ated in  sec.  31,  T.  23  S.,  R.  31  E.,  at  an  elevation  of  about  3,300  feet, 
and  is  owned  by  L.  S.  Wingrove,  of  California  Hot  Springs.  Prac- 
tically no  development  work  has  been  done  on  the  vein,  but  a  hasty 
examination  of  a  considerable  part  of  the  outcrop  indicated  to  the 
writer  that  the  occurrence  of  molybdenite,  even  as  minute  specEs,  is 
so  occasional  that  there  seems  to  be  no  possibility  of  the  deposit* 
being  of  commercial  importance. 

MOLYBDENITE  AT  CAUENTE,  EEBN  COUNTY. 

J.  B.  Ferris  of  Caliente  has  submitted  to  the  bureau  specimens  of 
low-grade  gold  ore  carrying  molybdenite  in  finely  disseminated  grains, 
coming  from  the  Golden  group  of  claims  a  few  miles  south  of  the  town. 
The  ore  body  is  large,  but  as  determined  by  samples  taken  by  the 
author  from  several  places  in  the  tulmels  and  the  drifts  by  which  it 
is  developed,  it  is  so  poor  in  molybdenite  as  to  probably  be  of  no 
commercial  importance  as  a  source  of  that  mineral. 

COLORADO. 

Molybdenite  is  widely  distributed  throughout  Colorado,  its  occur- 
rence having  been  noted  in  almost  every  mountain  county.  The 
principal  deposits  visited  by  the  author  are  at  Red  Mountain  near 
Empire  in  Clear  Creek  County,  and  near  Climax  and  Breckenridge  in 
Summit  County.  A  description  of  these  deposits,  together  with 
notes  as  to  some  of  the  other  occurrences  listed  in  the  accompanying 
table,  are  given  in  the  f  oUowiag  pages. 

Several  occurrences  of  wulfenite  in  the  State  have  been  reported, 
but  so  far  as  known  these  are  only  of  mineralogical  interest. 

Occurrences  of  molbydenite  in  Colorado. 


Location  of  deposit. 


Chaffee  County: 
Salida 


South  of  Fisher 

Near  Buena  Vista 

Clear  Creek  County: 

Red  Mountain  near  Empire. 
Cooejos  County: 

AtPlatoro 


Custer  County: 
Grape  Creek. 


12  miles  north  of  Westclifle. 
Eagle  County: 

NearReddlfl 

Fremont  County: 

Near  Rito  Alto  Peak 

7  mites  south  of  Parkdale. . . 
Oilpln  County: 

From  Apex 


Remarks. 


In  quartz .  x * . . . 

Seep.  70 

See  Pi.  11,^ 

Seep.  64 

In  spherical  forms  with  coDcen- 
trtc  structure. 

In  decomposed  basic  rock  with 

calcite,  chlorite,  and  pyrito. 
Seep.  71 


Seep.  70 

Seep.  70 

Withmolybdite.... 


Reference. 


Specimen    in    Colorado    State 
Museum. 

Do. 


Dana,  E.  S.,  A  system  of  miner- 
alogy, 6th  ed.,  1911,  p.  1042. 

Specimen   in    U.    S.    National 
Museum. 


Specimen    in    Colorado    State 
Museum. 
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Occurrences  of  molbydenite  in  Colorado — Continued. 


Location  of  deposit. 


Guzmison  County: 

4  miles  north  of  Pitkin  near 

?ock  Creek, 
the  head  of  Cr]rstal  River 
near  Marble. 
NearTlnCup 


Remarks. 


2  mUes  from  Pitkin. 


8  mfles  southeast  of  Marble 

Huerfono  County: 

2  miles  Southeast  of  Mosca  Pass . 

Lake  County: 

In  Maid  of  Erin  mine  at  Lead- 
ville:  also  near  the  head  of 
Big  £vans  Gulch. 
Larimer  County: 

4  miles  south  of  St.  Cloud 

Ouray  County: 

Engineer  Mountain 


Pitkin  County: 

South  of  Red  Mountain 

In  Lincoln  Gulch  southeast  of 
Roaring  Fork  of  the  Grand 
River. 
San  Juan  County: 

Between  Maggie  and  Picayune 

Gulches  and  Red  Peak. 
Near  Silverton 


San  Miguel  County: 

1  mile  east  of  Ophir . . . 
Summit  C-ounty: 

On  Bartlett  Mountain. 

On  Chalk  Mountain . . . 

Fremont  Pass 


Near  Eokomo 

2  miles  north  of  Kokomo 

Lenawee  mine,  between  Kings- 
ton and  Montezuma. 

Southern  slope  of  Quandary 
Mountain. 
Teller  County: 

Cripple  Creek 


Crystalline  molybdenite  in  white 

quartz. 
In  quartz  veins 


Seep.  71 

Large  flakes  in  float . 


Seep.  72. 


See  p.  71 

In  siUcious  gangue. 


With  copper,  nickel,  and  bis- 
muth minerals. 


Seep.  69. 

Seep.  6S. 
Seep.  68. 


Seep.  72. 
Seep.  72. 


Seep.  67, 


ReCerenoe. 


Mineral  Industry,  vol.  6,  1808, 

p.  485. 
Letter  from  J.  C.  Hersey,  Lead- 

ville.  Colo. 
Specimens  in  coUectioD  ef  U.  S. 

GeoL  Survey. 
V.  8.  Geol.  Barvey  Bull.  585, 

1914,  p.  46. 

Letter  from  John  O'Toole,  Den- 
ver, Colo, 

Eng.  and  Min.  Jour.,  vol.  80, 


;ng.  ana  m. 
IMS,  p.  127. 


Letter  from  E.  C.  Weatberly, 
Ouray,  Cola 


Letter  from  J.  C.  Hecsey,  Lead- 
ville,  Colo. 


Trans.  Am.  Inst.  Min.  Eng.,  voL 

21.  pp.  189-190. 
IT.  8.  Geol.  Survey  BulL  585, 

1914,  p.  46. 


U.  8.  GeoL  Survey  BulL  585, 
1914,  p.  46. 


Si)eclmen  in  courthouse,  Bxeck- 
eniidge. 


MOLYBDENITE  MINE  OF  PBIMOS  CHEMICAL  CO.,  NEAB   EMPIBB. 

The  molybdenite  mine  of  the  Primos  Chemical  Co.,  near  Empire, 
Clear  Creek  County,  consists  of  a  group  of  nine  claims  situated  on 
the  eastern  slope  of  Eed  Moimtain,  at  an  altitude  of  about  10,500  to 
12,000  feet.  The  property  is  reached  from  Empire,  a  station  on  the 
Greorgetown  branch  of  the  Colorado  &  Southern  Eaiboad,  by  a  good 
wagon  road  14  miles  long.  The  ore-bearing  bodies  consist  of  three 
veins  of  low-grade  ore,  the  general  strike  of  which,  as  far  as  deter- 
mined by  present  development  work,  lies  between  east  by  west  and 
northeast  by  southwest,  across  the  ridge  of  the  mountain.  The 
strikes  of  the  individual  veins  show  a  convergence  in  a  westerly 
direction.  Their  dip,  as  indicated  by  the  position  of  the  outcrops 
with  reference  to  their  intersection  by  a  tunnel  several  hundred  feet 
below,  is  50°  to  60°  in  a  general  northwestern  direction.  The  veins 
are  named  from  the  southeast,  and  are  known  as  Veins  No.  1,  No.  2, 
and  No.  3.    The  ore  zone  in  general;  that  is,  the  ground  included 
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between  the  footwall  of  Vein  No.  1  and  the  hanging  wall  of  Vein 
No.  3,  where  cut  by  the  tunnel,  is  about  200  feet  wide.  The  veins 
vary  greatly  in  width,  both  among  themselves  and  along  their  strikes.- 
Further,  they  are  not  particularly  well  defined,  the  ore  running  off 
into  the  walls  in  the  iorm  of  thin  veinlets  and  stringers. 

Vein  No.  1  has  not  been  sufficiently  developed  to  warrant  even  an 
approximate  statement  of  its  average  width,  but  at  its  intersection 
by  the  upper  tunnel  it  is  3  to  4  feet  across.  Vein  No.  2,  as  exposed 
by  about  1,000  feet  of  development  work,  shows  a  width  varying 
from  3  or  4  inches  to  4  or  5  feet,  and  it  has  an  average  width  of  per- 
haps 2  feet.  Vein  No.  2,  at  its  intersection  by  the  upper  timnel, 
showed  10  feet  of  ore. 

The  ore  occurs  in  two  forms — one  consists  of  am  alaskite  ( ?)  breccia 
in  which  the  molybdenite  occurs  as  occassional  small  flakes  but  more 
often  in  finely  granular  form  associated  with  iron  pyrite  in  the  inter- 
stices of  the  breccia;  in  the  other  the  molybdenite  occurs  in  small 
veinlets  and  stringers  running  off  into  the  alaskite-porphyry  (?) 
coimtry  rock.  The  brecciated  type  of  ore  constitutes  the  vein 
material  proper,  and  is  well  illustrated  by  Plate  XII,  A.  Oxidation 
of  the  molybdenite  along  the  outcrops  of  the  veins  has  resulted  in 
the  formation  of  considerable  molybdite,  but  the  latter  mineral 
disappears  entirely  with  depth.  It  is  stated  that  the  ore  contains 
no  copper  or  other  deleterious  elements. 

The  author  first  visited  the  property  in  July,  1913,  when  develop- 
ment work  consisted  of  only  two  or  three  shallow  open  cuts  along 
the  outcrop  of  one  vein.  The  existence,  of  ore  bodies  was  evidenced, 
however,  by  large  masses  of  vein  material  exposed  along  the  outcrop^ 
and  by  the  great  quantities  of  float  found  throughout  the  rock  slides 
on  the  mountain  slope  below.  One  of  these  large  masses  of  out- 
cropping vein  material,  which  showed  considerable  molybdenite  here 
and  there  over  its  entire  surface,  and  was  colored  in  many  places  by 
yellow  molybdite,  is  pictured  in  Plate  X,  B. 

Development  of  the  property  was  started  in  earnest  in  November, 
1914,  when  the  present  owners  obtained  control,  and  to  August,  1915, 
work  had  been  pursued  at  the  rate  of  about  350  feet  per  month.  At 
the  latter  date  development  consisted  of  an  upper  working  with 
2,500  to  3,000  feet  of  timnel,  drifts,  and  crosscuts  at  two-thirds  the 
distance  to  the  top  of  the  moimtain  and  at  an  altitude  of  about  11,800 
feet;  and  also  of  a  timnel  which  had  just  been  commenced  about 
600  feet  lower  down.  The  situation  of  the  upper  workings  is  well 
shown  in  Plate  XIII,  A. 

The  upper  workings  consist  roughly  of  a  main  timnel  running  in  a 
northwesterly  direction  for  about  500  feet,  and  of  a  drift  along  Vein 
No.  2  about  800  feet  west.    Twenty-one  crosscuts  up  to  20  feet  in 
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length  have  been  made  along  this  drift,  usually  at  intervals  of  about 
30  feet,  but  occasionally  at  15-foot  intervals.  A  stope  has  been 
started  on  this  vein,  and  in  July,  1915,  it  had  been  opened  for  a 
horizontal  distance  of  about  40  feet  and  mined  to  a  height. of  about 
20  feet,  the  ore  having  an  average  width  of  about  4  J  feet,  A  second 
and  larger  stope  has  been  begun  to  the  north  of  Vein  No.  2.  The  ore 
body  at  this  point  is  thought  to  be  either  separated  from  the  vein  by 
a  large  "horse,"  or  to  lie  on  the  intersection  of  veins  No.  2  and  No.  3. 
This  stope  has  been  mined  for  a  horizontal  distance  of  about  130 
feet  and  to  a  height  of  40  to  45  feet;  in  width  it  varies  from  6  to  15 
feet. 

Only  a  few  feet  of  work  has  been  done  on  vein  No.  1  as  the  showing 
of  ore  encountered  «,t  its  intersection  by  the  tunnel  was  poor.  Vein 
No.  3  has  been  drifted  on  for  about  20  feet  on  either  side  of  the 
tunnel,  and  10  feet  of  good  ore  is  said  to  have  been  encountered  in 
these  drifts. 

As  already  stated,  work  on  the  lower  tunnel  was  commenced  in 
August,  1915.  Assuming  that  the  dip  of  the  veins  is  55^  and  that 
they  will  be  encoimtered  on  this  level,  over  1,000  feet  of  backs  will 
be  developed  by  this  lower  tunnel. 

Stoping  is  carried  on  largely  by  hand,  as  the  ground  is  fairly  soft 
and  easily  worked.  Air  drills,  however,  are  used  in  running  the 
tunnels  and  drifts. 

The  ore  is  trammed  to  a  sorting  house  at  the  mouth  of  the  upper 
tunnel  and  dumped  into  a  bin  from  which  it  is  drawn  by  the  sorters 
as  needed.  Ore  from  the  bin  is  screened  on  small  2-me3h  hand  sieves. 
The  undersize  through  the  screens  is  saved  and  the  oversize  hand 
sorted.  The  rejected  oversize  is  thrown  into  a  car  which  carries  it 
to  the  waste  dump,  and  the  selected  ore  is  sacked.  Filled  sacks 
weigh  75  to  125  pounds  each,  according  to  the  size  and  richness 
of  the  ore.  These  are  packed  down  the  moimtain  on  mules  and 
stacked  near  the  wagon  road.  At  the  time  of  the  author's  visit,  in 
July,  1915,  the  pack  train  consisted  of  14  animals,  each  of  which 
carried  three  to  four  sacks  of  ore.  At  the  base  of  the  >moimtain  the 
sacks  are  loaded  onto  wagons,  weighed,  and  hauled  to  the  railroad 
station  at  Empire,  where  their  contents  are  emptied  into  freight  cars 
for  shipment  to  the  Eastern  plant  of  the  company.  From  January  1, 
1915,  to  August,  1915,  shipments  are  reported  to  have  averaged 
two  to  three  carloads  of  22  J  tons  each  per  week. 

The  mine  has  not  been  in  operation  for  sufficient  time  and  the 
ore  bodies  are  not  well  enough  developed  to  justify  any  statements  as 
to  mining  cost. 

A  combined  bimk  and  compressor  house,  which  also  contains  an 
office,  dining-room  and  quarters  for  cooking,  is  situated  about  1,300 
feet  below  the  mouth  of  the  upper  tunnel  and  close  to  the  wagon 


A.  TYPICAL  MOLYBDENITE  ORE  FROM  SALAMANDER  CLAIM.  QUANDARY  PEAK,  SUMMIT 
COUNTY,  COLO,  |TVVO-THIR0S  NATURAL  SIZE.)  Jf,  MOLYBDENITE;  'J.  QUARTZ;  Jfu, 
MUSCOVITE. 
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road.  The  compressor  room  in  this  building  contains  a  60-horsepower 
boiler  which  is  fired  with  wood;  it  supplies  steam  for  the  operation 
of  an  IngeisoU-Rand  "Imperiar'  air  compressor,  type  10.  The  two 
steam  cylinders  on  the  compressor  are  13  by  10 'inches  and  8  by  10 
inches,  and  the  corresponding  air  cylinders  are  14  by  10  inches  and 
7i  by  10  inches.  Although  it  is  rated  as  a  three-drill  machine  it  will 
operate  only  two  drills  at  this  altitude. 

Wood  for  the  boiler  is  obtained  by  cutting  standing  timber  in  a 
burned-over  area  of  forest  in  the  vicinity.  It  is  hauled  to  a  small 
sawmill  situated  a  few  hundred  yards  south  of  the  boiler  house,  and 
cut  into  4-foot  lengths.  Stables  have  been  built  close  to  the  bimk  and 
compressor  house.  At  the  upper  tunnel  level  there  is  a  bunk  house 
.and  blacksmith  shop  and  the  ore-sorting  house  already  referred  to. 

The  production  of  this  property  to  date  has  been  probably  1,500  to 
2,000  tons  of  ore,  averaging  approximately  2  per  cent  molybdenimi. 
In  opening  the  property  during  the  winter  months  many  difficulties 
were  encoimtered,  owing  to  the  altitude  and  to  winter  storms. 

SAIiAKANDEB  AND  BLUE  VAIiLEY  MOLYBDENITE  CLAIMS,  NEAB 

BBECKENBIDGE,  SUMMIT  COUNTY. 

There  is  an  interesting  occurrence  of  molybdenite  about  11  miles 
southwest  of  Breckenridge,  Summit  County.  The  deposit  is  on  the 
south  slope  of  Quandary  Mountain  at  an  altitude  of  about  12,000  feet 
(see  PL  XIV),  and  consists  of  two  pegmatite  veins  which  contain  the 
molybdenite,  and  on  which  are  two  claims  known  as  the  Salamander 
and  the  Blue  Valley.  These  claims  are  reached  from  Breckenridge 
hy  a  good  wagon  road  for  9  miles  up  the  vallejrs  of  Blue  River  and 
Monte  Christo  Creek,  thence  continuing  up  the  valley  of  the  latter 
stream  for  1^  miles  by  a  poor  moimtain  road,  and  then  across  the 
creek  and  up  the  moimtain  side  for  half  a  mile  by  trail. 

At  the  time  of  the  author's  visit  to  the  deposit  in  October,  1913,  a 
violent  snowstorm  was  in  progress,  and  for  that  reason  his  examina- 
tion was  necessarily  incomplete. 

The  pegmatite  veins  already  referred  to  consist  largely  of  musco- 
vite  and  quartz  with  sogae  feldspar,  and  carry  molybdenite  and 
chalcopyrite  as  accessory  minerak,  as  well  as  small  quantities  of 
molybdite  developed  by  alteration  of  the  molybdenite  in  places  where 
the  latter  has  been  exposed  to  the  air  for  a  considerable  time.  The 
veins,  which  appear  to  be  nearly  vertical,  traverse  a  dark-gray  mica- 
ceous schist  or  gneiss  composed  essentially  of  quartz,  muscovite, 
biotitC;  and  feldspar,  and  strike  in  a  general  northerly  direction. 

A  specimen  of  typical  ore  from  the  Salamander  claim  is  illustrated 
in  Plate  XV,  A.  A  sample  of  about  100  poimds  of  picked  ore,  which 
the  author  selected  as  representative  of  the  general  grade  of  concen- 
trating ore  that  this  claim  could  produce,  on  analysis  showed  4.35 
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per  cent  molybdenite  and  0.45  per  cent  copper.  The  molybdenite 
occurs  in  coarsely  crystalline  aggregates  up  to  1^  ii^ches  in  maxi- 
mum diameter,  but  on  account  of  its  association  with,  chalcopyrite 
and  with  such  a  large  percentage  of  muscovite,  it  probably  could  not 
be  recovered  in  a  high-grade  concentrate  without  a  rather  complex 
treatment. 

On  the  Salamander  claim  a  tunnel  has  been  run  for  a  distance  of 
20  feet  on  the  vein,  which  at  this  point  has  a  width  of  3  to  4  feet. 

On  the  Blue  Valley  claim  there  is  only  a  small  showing  of  molybde- 
nite, and  no  development  other  than  the  putting  in  of  several  shots 
at  various  places  along  the  outcrop.  The  vein  averages  only  4  to  6 
inches  in  width  and  gives  no  promise  of  any  commercial  production 
of  ore. 

Directly  down  the  mountain  from  the  claims  there  is  a  small  lake, 
and  one-half  mile  farther  up  the  gulch  a  larger  lake  at  an  elevation 
of  300  or  400  feet  above  the  one  first  mentioned.  Ample  water  power 
for  all  mining  purposes  could  easily  be  developed  from  this  upper 
lake,  and  there  is  sufficient  timber  in  the  immediate  neighborhood 
for  all  prospective  mining  needs. 

MOLYBDENTTB  ON  BABTLETT  MOUNTAIN,  SUHMTT  COUNTY. 

There  is  a  large  low-grade  deposit  of  molybdenite  ore  above  tim- 
ber line  at  an  elevation  of  approximately  12,000  feet  on  the  south- 
western slope  of  Bartlett  Mountain,  Summit  Coimty.  The  deposit 
is  about  two  miles  southeast  of  Eobinson,  and  about  a  mile  and  a 
quarter  east  of  Climax,  stations  on  the  Colorado  &  Southern  Kail- 
way.  Its  location  is  shown  in  Plate  XIV.  At  the  time  of  the 
writer's  visit  to  the  property  in  the  late  fall  of  1913  it  was  covered 
with  snow  and  little  first-hand  information  concerning  the  deposit 
could  be  obtained.  In  places  where  the  snow  had  blown  off  large 
quantities  of  slide  rock  were  exposed,  which  on  an  average  appeared 
to  contain  0.5  to  1  per  cent  molybdenite,  the  mineral  occurring  in 
the  cracks  and  fractures  of  a  crystalline  quartz,  most  of  which  was 
associated  with  more  or  less  pyrite,  but  was  practically  free  from 
copper  minerals.  Although  most  of  the*  deposit  was  covered  with 
snow,  the  author  had  no  difficulty  in  picking  up  from  this  particular 
slide  within  a  few  minutes  100  pounds  of  rock  which  x>n  sampling 
and  analysis  yielded  1.06  per  cent  M0S3.  A  specimen  of  typical  ore 
is  shown  in  Plate  XII,  B, 

Eight  adjoining  claims  are  reported  to  have  been  located  on  the 
deposit.  ITie  chief  development  work  at  the  time  of  the  writer's 
visit  consisted  of  two  timnels,  one  near  the  northwestern  end  of  the 
deposit,  on  the  claims  of  H.  Leal,  and  the  other  near  the  center  of 
the  deposit,  on  the  Gillaspey  claim,  known  as  "Denver  No.  2."  The 
first  tunnel  had  been  driven  in  an  eastern  direction  for  a  distance  of 
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over  500  feet,  and  was  being  pushed  ahead  with  the  idea  of  cross- 
cutting  the  deposit.  As  far  as  work  had  progressed  the  character 
of  the  rock  seemed  essentially  the  same,  and  the  writer  was  told  that 
samples  taken  at  frequent  intervals  throughout  the  entire  length  of 
the  tunnel  showed  an  average  content  of  0.7  per  cent  M0S3.  The 
second  tunnel  was  said  to  be  30  to  40  feet  long,  but  as  its  portal  was 
closed  by  a  snowdrift  it  was  not  entered. 

The  following  notes  concerning  recent  development  on  the  deposit 
^were  kindly  furnished  the  writer  by  Ira  Snyder,  of  Denver,  Colo., 
who  has  purchased  the  ''Denver  No.  2"  claim: 

The  tuimel  on  the  Leal  claims  has  been  extended  to  a  total  length  of  800  feet  and 
at  the  face  a  100-foot  drift  runs  at  right  angles  to  the  line  of  the  tunnel .  No  walls  have 
been  encoonteredund  there  has  been  no  perceptible  change  in  the  character  or  average 
richness  of  the  ore.  A  lease  is  said  to  have  been  taken  on  the  Leal  claims  by  Messrs. 
McDonald,  Noble,  and  King,  of  Leadville,  who  have  built  a  wagon  road  to  the  prop- 
erty from  Climax.  These  men  are  also  reported  to  have  mined  several  hundred  tons 
of  ore  from  the  claims  of  Charles  J.  Senter,  near  the  southeastern  end  of  the  deposit, 
shipping  the  same  to  Leadville  for  concentration  by  flotation  in  an  experimental 
plant.  The  tunnel  on  the  *  *  Denver  No.  2  "  is  stated  to  be  now  about  75  feet  in  length, 
and  the  ore  encountered  is  reported  to  contain  an  average  of  about  1 .3  per  cent  M0S2. 
Experiments  on  a  large  scale  are  being  carried  on  in  Denver  for  concentrating  by 
flotation  the  ore  from  this  claim.  The  results  of  these  tests  have  been  satisfactory, 
and  preparations  are  being  made  for  the  installation  of  a  plant  at  the  mine  during  the 
coming  summer. 

MOLYBDENITE  NEAR  OFHIB,  SAK  MiaXTEL  COTTNTT. 

The  Molybdenite  Queen  claim,  owned  by  G.  C.  Knox,  of  Denver, 
and  J,  Belisle,  of  Norwood,  Colo.,  is  situated  in  the  Iron  Spring 
mining  district  about  1  mile]  southeast  of  the  town  of  Ophir,  which  is 
2i  miles  east  of  Ophir  Loop,  a  station  on  the  main  line  of  the  Rio 
Grande  Southern  Railroad.  It  crosses  Nevada  Gulch  about  600  feet 
above  the  creek  at  the  base  of  the  hill  and  adjoins  the  Favorite  group 
of  gold  claims.  The  deposit  is  said  to  consist  of  a  well-defined  vein 
of  white  quartz  20  to  25  feet  wide,  traversing  a  poryphjrry  country 
rock.  The  molybdenite  occurs  in  the  vein  in  flaky  crystal  aggregates 
and  irregular-shaped  masses  from  the  size  of  a  pea  to  pieces  three- 
quarters  of  an  inch  or  more  in  diameter.  In  a  25-pound  lot  of  ore, 
said  to  be  a  sample  taken  on  the  surface  across  the  width  of  the  vein, 
the  writer  would  estimate  the  molybdenum  sulphide  content  to  be 
2  to  3  per  cent.  In  this  sample  considerable  alteration  of  the  molyb- 
denite to  molybdite  had  taken  place  and  a  small  quantity  of  pyrite  was 
noticed.  The  ore  appears  of  such  character  as  to  be  readily  con- 
centrated by  either  electrostatic  or  flotation  methods. 

The  vein  is  said  to  strike  in  a  general  southwestern  direction,  but 
its  dip  has  as  yet  not  been  determined.  Practically  no  development 
work  has  been  done  on  the  outcrop,  but  the  vein  is  reported  to  be  cut 
at  a  depth  of  about  600  feet  by  the  Deadwood  tunnel  and  to  be  approxi- 
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mately  20  feet  wide  at  the  place  of  its  iatersection.  However,  the 
owners  of  the  property  have  been  unable  to  verify  this  statement,  as 
entrance  to  the  tunnel  can  not  be  had,  owing  to  a  cave-in  only  a  few 
feet  from  the  portal.* 

OTHEB  OCCT7BBENC]9S  OF  MOLYBDENITE  IN  COLOBADO. 
DEPOSIT  NEAR  ROBINSON,   SUMMIT  COUNTY. 

A  considerable  deposit  of  low-grade  molybdenite  ore,  practically 
identical  with  that  of  Bartlett  Mountain  described  above,  is  situated 
on  Chalk  Mountain  near  Robinson,  Summit  Coimty.  (See  PI.  XIV.) 
Four  claims  located  on  the  deposit  are  owned  by  E.  G.  Heckendorf, 
J.  W.  Harris,  and  S.  H.  Weber,  of  Denver,  and  J.  A.  Weber,  of 
Leadville,  Colo.  The  ore  body  is  reported  to  be  30  to  40  feet  wide, 
and  its  outcrop,  which  runs  northeast,  is  said  to  have  been  traced  for 
over  3,000  feet.  In  October,  1915,  development  work  consisted  of 
seven  open  cuts,  samples  from  which  are  reported  to  have  assayed 
1  to  3  per  cent  of  molybdenum  disulphide. 

DEPOSrr  NEAR  NATHROP,    CHAFFEE   COUNTY. 

Bert  Bergstrom  and  H.  C.  Hayes,  of  Buena  Vista,  Colo.,  are  said  to 
have  opened  a  promising  molybdenite  property  in  Chaffee  County, 
a  few  miles  south  of  Fisher,  a  station  on  a  branch  of  the  Colorado  & 
Southern  Railroad  from  Nathrop.  It  is  imderstood  that  the  molybder 
nite  occurs  in  quartz  in  flakes  up  to  an  inch  in  maximum  diameter  and 
that  the  ore  is  practically  free  from  copper  minerals.  About  1  ton 
of  high-grade  molybdenite  is  reported  to  have  been  obtained  by  careful 
cobbing  and  hand  sorting  of  some  of  the  richer  ore.  It  is  said  that 
development  work  on  the  property  is  going  ahead  rapidly. 

PROSPECT   NEAR  PARKDALE,  FREMONT  COUNTY. 

Ralph  Fairchild,  of  Canon  City,  Colo.,  has  sent  the  Bureau  of  Mines 
specimens  of  molybdenite  ore  that  is  said  to  occur  in  considerable 
quantity  in  a  prospect  being  developed  for  copper  7  miles  south  of 
Parkdale,  Fremont  County.  The  specimens  show  5  to  6  per  cent 
of  molybdenite  associated  with  pyrite  and  chalcopyrite  in  a  siliceous 
gangue.  Development  work  on  the  property  consists  of  a  shaft 
about  100  feet  deep. 

An  occurrence  of  molybdenite  is  reported  in  Fremont  County  on 
the  northern  slope  of  Rito  Alto  Peak  in  the  Sangre  de  Christo  Range. 
The  deposit  is  above  timber  line,  at  an  altitude  of  over  11,000  feet, 
and  is  diflGicult  of  access,  being  18  or  20  miles  from  Cotapaxi,  the 
nearest  station  on  the  Denver  &  Rio  Grande  Railroad,  and  the  last 
6  or  8  miles  of  the  journey  to  the  property  is  over  a  very  rough 

a  The  above  information  is  from  a  report  given  the  writer  by  0.  G.  Knox,  of  Denver,  Colo.,  on  Nov.  8, 
1916. 
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trail.  It  is  understood  that  the  only  development  work  consists  of 
a  shaft  about  30  feet  deep.  Specimens  of  ore  said  to  have  come 
from  this  occurrence  and  sent  to  the  writer  by  B.  J.  Hillman,  of 
Denver,  Colo.,  consist  of  a  quartzose  rock  in  which  the  molybdenite 
occurs  as  flakes  and  irregular-shaped  masses  up  to  one-half  inch  or 
more  in  diameter  and  constitutes  perhaps  4  or  6  per  cent  of  the 
whole.  The  molybdenite  is  associated  with  chalcopyrite.  No  infor- 
mation regarding  the  size  of  the  deposit  nor  the  general  grade  of  the 
ore  is  available. 

SPECIMENS   FROM   WESTCLIFFE,  CUSTER  COUNTY. 

Specimens  of  molybdenite  ore  said  to  be  representative  of  a  con- 
siderable quantity  of  material,  on  the  dump  of  an  old  mine  12  miles 
north  of  Westdiflfe,  Custer  Coimty,  have  been  submitted  to  the 
bureau  by  L.  H.  Schoolfield,  of  that  town.  The  rock  in  these  speci- 
mens is  so  altered  that  its  identiflcation  is  impossible.  It  appears  to 
be  a  highly  metamorphosed  calcareous  sediment,  and,  besides  the 
molybdenite,  which  occurs  id  flakes  up  to  one-fourth  inch  in  maxi- 
mum diameter,  it  contains  siderite,  calcite,  quartz,  and  some  feld- 
spar. It  is  seemiQgly  free  from  copper.  The  writer  estimates  the 
molybdenite  content  of  the  samples  submitted  as  2  or  3  per  cent. 

CLAIM  NEAR  MARBLE,  OUNNISON  COUNTY. 

The  Bureau  of  Mines  has  received  two  samples  of  molybdenite  ore 
said  to  have  come  from  a  claim  recently  located  by  John  OToole,  of 
Denver,  on  the  southwestern  slope  of  Treasury  Mountain,  about  8  miles 
north  of  Marble,  Gunnison  County.  One  sample  consists  of  milky 
quartz,  in  which  the  molybdenite,  associated  with  considerable 
molybdite,  occurs  in  flakes  up  to  one-quarter  of  an  inch  in  diameter. 
In  the  other  sample  the  quartz  is  crystalline  and  the  molybdenite 
more  granular  in  character.  Both  lots  of  ore  were  free  from  copper 
minerals  and  appeared  to  contain  2  to  3  per  cent  of  molybdenum 
disulphide.  The  ore  was  said  to  have  been  taken  from  two  roughly 
parallel  veins  about.  150  feet  apart  and  striking  northeast.  The 
average  width  of  the  larger  vein  was  stated  to  be  about  3  feet  and 
that  of  the  smaller  about  20  inches. 

DEPOSIT  SOUTH  OF  ASPEN,   PITKIN  COUNTY. 

Molybdenite  is  reported  to  occur  in  a  deposit  owned  by  F.  E. 
Kendrick  and  associates,  of  Leadville,  Colo.,  and  situated  south  of 
Red  MountaLn  about  20  miles  south  of  Aspen,  Pitkin  County.  The 
vein,  which  is  called  the  Green  Horn  lode,  is  said  to  be  6  feet  wide. 
A  specimen  of  ore  purported  to  have'come  from  this  deposit  consists 
of  a  brecciated  quartz  heavily  impregnated  with  pyrite  and  containing 
occasional  fine  flakes  of  molybdenite. 


72       molybdenum;  its  obes  and  theib  concentbation. 

claims  neab  kokomo,  sl^mmxt  county. 

G.  M.  Bacom,  of  St.  Elmo,  Colo.,  has  submitted  to  the  bureau 
samples  of  molybdenite  ore  said  to  have  come  from  a  claim  near 
Kokomo,  Summit  County.  The  ore  consists  of  white  crystalline 
quartz  containing  a  small  amoimt  of  fine-grained  molybdenite  and 
its  alteration  product,  molybdite.  It  seems  identical  with  the  molyb- 
denite ores  from  Bartlett  and  Chalk  Moimtains  which  are  described 
above.  No  information  regarding  the  exact  location  or  size  of  the 
deposit  is  available. 

Small  quantities  of  flaky  molybdenite  occur  in  ore  from  the  tunnel 
on  claims  belonging  to  Joseph  Bryant,  of  Kokomo,  Summit  County, 
and  situated  about  2  miles  southeast  of  that  town.  The  ore  con- 
sists principally  of  quartz  heavily  impregnated  with  pyrite. 

PEOPEBTY  NEAB  ST.  CLOUD,  LABIMEB  COUNTY. 

E.  F.  Bartlett,  of  St.  Cloud,  Larimer  Coxmty,  has  submitted  speci- 
mens of  magnetite  containing  occasional  patches  of  molybdenite. 
This  ore  is  said  to  have  come  from  a  property  about  4  miles  south  of 
the  town. 

MONTANA. 

Out  of  a  dozen  or  more  authenticated  occurrences  of  molybdenum 
ore  in  Montana,  only  two  occurrences  of  molybdenite  and  one  of 
wulfenite  have  been  examined  by  the  writer.  Unfortimately,  these 
deposits  were  of  necessity  visited  during  the  late  fall  when  they  were 
covered  with  snow,  which  precluded  an  examination  of  their  outcrops 
and  otherwise  hampered  their  investigation.  Besides  the  occur- 
rences of  molybdenite  listed  in  the  accompanying  table,  two  occur- 
rences of  wulfenite  have  been  reported  in  the  State.  One  of  them  is 
at  Radersburg,*  in  Broadwater  Coun£y,  and  the  other  is  near  Twin 
Bridges,  in  Madison  County.  The  latter  deposit  was  visited  and  is 
described  hereafter. 

Occurrences  of  molybdenite  in  Montana. 


Location. 


Hemarlcs. 


Reference. 


Beaverhead  County: 

Head  of  Birch  Creek  on  Tent 
Mountain,  12  miles  west  of 
Apex  and  30  miles  northwest 
oiDillan. 


Wise  River. 


Broadwater  County: 
AtWinton 


Fergus  County: 
AtNeihart. 


In  quarts. 


Seep.  76 


With  calcite  and  vesuvianite. 


Mineral  Ihd.,  vol.  13, 1904.  p.  338, 
Mineral  Resources  U.  S.,  1003, 
U.  S.  Qeol.  Survey,  1904,  p.  308, 
and  Mineral  Resomoes,  U.  8., 
1904,  U.  S.  Qeol.  Survey,  1005,  p. 
341. 

Letter  from  F.  W.  Hall,  Wise 
River,  Mont. 

Specimen  in  TJ.  S.  National  Mu- 
seum. 

U.  S.  Qeol.  Survey  BuIL  685, 1914, 
p.  112. 


a  SxMcimen  in  Harvard  collection,  A(;assis  Museum. 
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Occurrences  of  molybdenite  in  Montana — Gontiiiued. 


Location. 


Jeffersoa  Comity: 
AtClanoey... 


NeerHomestake. 


Madbon  County: 
Near  Sheridan. 


Mlasoula  County: 

Leslie  Copper  Mina  in  western 
part  of  county. 

Park  Comity: 

Near  Chico  Hot  Springs 

Near  Cooke,  at  head  of  StiU- 
water  River. 
Powell  Coontv: 

InCarpenter  Qnlch,  2  miles  east 
ofOphir. 


Silverbow  Comity: 

In  the  Moptgomwy.  Altoona. 
and  neighboring  daims  and 
number  of  places  east  of  the 
Flat  and  in  the  Gagnon  mine. 


Remarks. 


With  feldspar,  quartz,  chalco- 
pyrite,  and  muacovite. 


In  quantity  on  150-foot  level. 


Beep.  73. 
Seep.  76. 


Seep.  75. 


Reference. 


Specimen   in   U.    S.    National 

Museum. 
Mineral  Resources  U.  S.,  1906, 

U.  S.  Geol.  Survey,  1907,  p.  628; 

Eng.  and  Min.  Jour.,  vol.  76, 

19^,  pp.  370,  791. 

Mineral  Resomces  IT.  S.^906, 
U.  S.  OeoL  Survey,  1W7,  p. 
628. 

Mineral  Resources  U.  S..  1901, 
U.  S.  GeoL  Survey,  1902,  p. 
266. 


Mineral  Resources  U.  S.,  1903, 
U.  S.  Geol.  Survey.,  1904,  p, 
306,  and  Mineral  Resources  U. 
8.,  1904,  IT.  S.  Geol.  Survey. 
1906,  p.  341. 

Weed,  W.  H.,  Geology  and  ore 
deposits  of  the  Butte  district, 
Montana:  U.  S.  Geol.  Survey 
Prof.  Paper  74,  ^912,  p.  79. 


MOLYBDENTEB  NEAB  CHICO  HOT  SPBINaS,  PABK  C0X7NTY.  - 

The  molybdenite  property  of  the  Great  Western  Mming  &  Milling 
Co.  is  situated  in  Park  County  about  6i  miles  from  Chico  Hot  Springs 
and  6i  nules  southeast  of  Chico.  It.  is  at  an  elevation  of  about  7,500 
feet,  on  the  northeast  bank  of  Emigrant  Creek  opposite  Emigrant 
Peak,  and  on  the  southwest  slope  of  the  ridge  joining  Chico  Peak  and 
Mineral  Mountain,  outlying  peaks  of  the  Absaroka  Range. 

The  property  is  about  10  miles  from  Emigrant,  the  nearest  railroad 
point  on  the  Yellowstone  Park  branch  of  the  Northern  Pacific  Rail- 
road from  which  it  is  reached  by  wagon  road  via  Chico  Hot  Springs 
and  Chico.  From  Emigrant  to  Chico  this  road  is  in  fair  condition 
and  there  are  no  bad  grades,  but  up  Emigrant  Creek  the  road  rises 
almost  continuously  and  many  of  the  grades  are  so  steep  that  the 
hauling  of  even  moderate  loads  is  accomplished  with  difficulty. 

The  deposit  consists  of  a  vein  of  what  is  seemingly  a  brecciated 
and  somewhat  altered  fine-grained  light-gray  porphyry  in  which 
fine-grained  molybdenite  intimately  associated  with  pyrite  forms 
the  matrix  and  permeates  the  individual  fragments  of  brecciated 
material.  Plate  XIII,  B,  illustrates  a  cross  section  of  typical  ore  from 
the  deposit.  According  to  Iddings  and  Weed  **  the  rocks  downstream 
from  the  mine  consists  of  basic  andesitic  breccia  and  flows,  whereas 
above  the  mine  they  are  acid  porphyrites,  andesite,  and  dacite.  At 
the  time  the  writer  visited  the  property,  in  the  late  fall  of  1913,  the 
outcrop  of  the  vein  was  covered  with  snow  and  the  imderground 


a  ladings,  J.  P.,  and  Weed,  W.  H.,  Livingston  folio  (No.  1),  Oeol.  Atlas  U.  8.,  XT.  S.  Geol.  Survey,  1894. 
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workings  were  inaccessible  owing  to  the  presence  of  a  great  quantity 
of  carbonic  acid  gas.  As  the  writer  was  imable  to  make  an  examina- 
tion of  the  workings,  H.  F.  Lawrence,  the  mine  manager,  kindly 
supplied  the  following  notes : 

The  molybdenite  deposit  was  cut  many  years  ago  by  a  tiinnel  driven  in  search 
of  gold.  This  old  tunnel  (said  to  be  700  to  800  feet  long  but  the  face  of  which  is  inac- 
cessible owing  to  cave-ins)  intersects  the  molybdenite-bearing  vein  360  feet  from 
the  portal  and  at  a  vertical  depth  of  about  260  feet  below  the  outcrop  of  the  vein. 
At  the  point  of  intersection  by  the  tunnel  the  vein  is  about  14  feet  wide  and  so  nearly 
perpendicular  that  it  is  impossible  to  say  which  is  the  foot  and  which  the  hanging 
wall.  Only  one  wall  is  well  defined.  There  is  practically  no  development  work  on 
the  vein  at  the  tunnel  level,  only  a  few  feet  of  drifting  having  been  done  and  a  raise 
started.  The  strike  of  the  vein  is  approximately  N.  30°  W.  by  S.  30°  £.  It  has  been 
traced  on  the  surface  for  over  1,000  feet  by  means  of  open  cuts,  and  float  ore  indicates 
that  it  continues  much  farther.    The  average  width  of  the  outcrop  is  12  to  15  feet. 

As  regards  the  molybdenite  content  of  the  ore,  the  author  was 
informed  by  E.  C.  Sackett  of  Livingston,  Mont.,  that  two  samples 
taken  by  him  across  the  drift  in  the  tmmel  assayed  14  and  23  per  cent 
MoSj,  respectively,  but  these  samples  were  probably  taken  in  the 
richest  places  that  could  be  found.  As  indicated  by  several  tons  of 
ore  in  a  small  mill  erected  for  experimental  concentration  work  near 
the  mouth  of  the  tunnel,  the  ore  in  the  drift  is  of  good  grade,  averting 
perhaps  5  to  6  per  cent  MoS,.  As  far  as  shown  by  tests  in  a  few  small 
specimens,  the  ore  contains  no  copper. 

At  the  time  of  the  writer's  visit  10  to  12  men  were  employed  in 
gathering  a  fuel  supply  for  winter.  A  new  boarding  house  had  just 
been  completed  and  the  foundation  for  a  mill  erected,  and  active 
development  work  was  contemplated  within  a  few  weeks.  It  was 
proposed  to  treat  the  ore  by  water  flotation  without  the  use  of  acid 
or  oil  on  machines  designed  by  George  B.  Allison,  president  of  the 
company.  Whether  the  proposed  process  of  treatment  wiU  be  suc- 
cessful can  not  be  foretold,  but  from  a  niunber  of  concentration  tests 
on  a  model  machine,  which  the  writer  saw  made  at  Butte,  Mont«,  it 
appears  to  be  impossible  to  obtain  a  high-grade  concentrate  (86  per 
cent  or  more  MoSj)  from  the  ore  by  the  process  contemplated.  The 
association  of  the  molybdenite  with  the  gangue  is  intimate  and  it  is 
stated  that  the  ore  must  be  crushed  through  a  60-mesh  to  80-mesh 
screen  before  the  molybdenite  is  hberated.  It  is  practically  impos- 
sible to  feed  this  fine  material  to  the  water  surface  in  an  ore  sheet  only 
one  mineral  particle  in  depth,  and  for  this  reason  considerable  fine 
sihca  is  supported  on  the  floating  film  of  molybdenite.  A  part  of  the 
pyrite  in  the  ore  also  floats,  and  both  of  these  impurities  detract 
considerably  from  the  grade  of  the  concentrates. 

Plenty  of  wood  for  both  fuel  and  mine  timbers  can  be  obtained  in 
the  immediate  vicinity  of  the  mine,  and  Emigrant  Creek  carries  suffi- 
cient water  to  supply  a  large  mill. 
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Inquiries  addressed  to  the  president  of  the  company  as  to  the  prog- 
ress made  in  development  work  have  not  been  answel^d;  hence  the 
author  can  not  state  what  the  result  of  this  work  was  or  whether  it 
was  ever  carried  out  as  contemplated. 

MOLTBDENTTB  IN  CABPENTEB  aXTLCH,  POWELL  COTJUTY. 

There  is  an  occurrence  of  molybdenite  ore  about  2  miles  east  of 
Ophir,  in  Carpenter  Gulch,  Powell  Coimty.  The  property,  which  is 
owned  by  Thomas  L.  Quigley,  of  Sacramento,  Cal.,  is  about  7i  miles 
from  Avon  and  12  miles  from  Elhston,  stations  on  the  Northern  Pacific 
Railroad,  from  which  it  is  reached  by  wagon  road.  The  elevation  of 
the  mine  is  approximately  5,700  feet.  The  author  visited  the  prop- 
erty in  the  late  fall  of  1913,  when  the  outcrop  of  the  deposit  was 
covered  with  snow.  Apparently  the  property  had  not  been  worked 
for  several  years,  and  the  portal  of  the  tunnel  by  which  it  was  devel- 
oped was  locked.  Furthermore,  the  tunnel  had  caved  badly  near 
the  portal,  so  that  access  to  it  could  not  be  had.  By  clearing  away 
the  snow  from  a  part  of  the  dump  the  writer  was  able  to  obtain 
30  or  40  pounds  of  ore,  containing  perhaps  2  or  3  per  cent  of  molyb- 
denite in  flakes  and  irregular-shaped  masses  up  to  an  inch  in  maxi- 
mum diameter.  The  rock  in  which  the  molybdenite  occurs  is 
seemingly  a  metamorphosed  limestone  that  has  undergone  various 
stages  of  alteration.  Some  specimens  are  much  more  highly  altered 
than  others.  The  great  differences  in  the  character  of  individual 
specimens  of  the  ore  are  illustrated  by  Plate  XVI,  A,  which  also 
plainly  shows  how  the  molybdenite  occurs.  The  most  prominent 
minerals  in  the  rock  are  garnet,  epidote,  quartz,  some  unidentified 
silicates,  and  one  or  more  calcareous  carbonates.  The  ore  is  seem- 
ingly free  from  copper  minerals. 

Tests  of  the  crushed  ore  show  that  the  garnet  contained  in  it  is  a 
good  conductor  of  electricity,  and  therefore  concentration  by  electro- 
static methods  is  impracticable,  but  the  ore  is  evidently  suitable  for 
treatment  by  flotation.  From  the  size  of  the  dump  at  the  tunnel 
mouth  the  writer  would  estimate  that  the  tunnel  had  been  projected 
between  150  and  200  feet,  but  as  the  tunnel  was  inaccessible  for  the 
reasons  stated  above  nothing  definite  can  be  said  here  as  to  the  size 
of  the  deposit  and  of  the  possibilities  of  its  being  of  commercial 
importance. 

A  second  occurrence  of  molybdenite  in  Carpenter  Gulch  is  reported 
at  the  head  waters  of  the  creek,  about  2i  miles  above  the  occurrence 
already  noted."  Specimens  said  to  have  come  from  this  deposit  show 
the  molybdenite  occurring  in  small  flakes  in  what  is  seemingly  a 
metamorphosed  limestone. 

a  Letter,  dated  Mar.  6, 1915,  from  C.  L.  Smith,  Deer  Lodge,  Ifont. 
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OTHEB  MOLYBDBNITE  OCCUKBENCBS  IN  MONTANA. 

■ 

The  Bureau  of  Mines  has  received  from  G.  H.  Gibson  of  CJooke, 
Mont.,  several  samples  of  molybdenite  ore  said  to  have  come  from  a 
deposit  on  the  headwaters  of  the  Stillwater  River  near  Cooke,  Park 
County.  The  samples  consist  of  greenish-black,  medium  to  coarse 
grained  gametiferous  amphiboUte  in  which  the  molybdenite  occurs 
in  small  irregularly  distributed  patches.  The  rock  is  heavy  and 
tough,  and  at  least  75  per  cent  of  it  is  made  up  of  dark-green  horn- 
blende. The  other  principal  constituents  are  a  reddish-brown  garnet 
and  quartz,  the  latter  occmring  for  the  most  part  in  narrow  veinlets. 
Pyrite  occurs  associated  with  the  molybdenite  both  in  the  hornblende 
and  in  the  garnet.  In  the  30  or  40  pounds  of  material  submitted  to 
the  bureau  the  author  would  estimate  the  molybdenite  content  to 
be  1  to  1.5  per  cent. 

B.  B.  Holland  of  Cooke,  Mont.,  has  sent  in  specimens  of  quartz 
containing  small  flakes  of  molybdenite  associated  with  molybdite. 
These  are  said  to  have  come  from  a  prospect  in  the  vicinity  of  that 
town. 

Specimens  of  molybdenite  ore,  said  to  have  been  obtained  from 
stringers  and  small  veins  cut  in  driving  a  timnel  in  Comet  Moimtain 
on  the  property  of  the  Boston-Montana  Development  Co.,  Beaver- 
head County,  have  been  received  from  F.  W.  Hall,  of  Wise  River, 
Mont.  The  molybdenite  occurs  as  small  flakes  in  quartz  and  is  stated 
to  occur  in  quantity .** 

WTTLFBNITB  OBB  NEAB  TWIN  BBIDaBS,  3CADIS0N  COUNTY. 

The  property  of  the  Grand  View  Mining  &  Development  Co.,  of 
Twin  Bridges,  Mont.,  is  situated  near  the  crest  of  the  Tobacco  Root 
Range,  about  11  miles  east  of  Twin  Bridges,  the  nearest  station  on  a 
branch  of  the  Northern  Pacific  Railroad  from  Whitehall.  It  is 
situated  near  the  simmiit  of  Little  Baldy  Mountain  and  is  reached 
by  wagon  road  up  Goodrich  Gulch  from  Twin  Bridges. 

The  deposit  consists  of  a  vein  of  porous  and  well-crystallized  cerus- 
site  heavily  impregnated  with  iron  oxide  and  containing  perhaps  i  to 
1  per  cent  of  well-crystallized  wulf  enite.  The  ore  is  reported  to  carry 
30  to  50  per  cent  of  lead,  2  to  6  ounces  of  silver,  and  0.2  oimce  to  1.5 
ounces  of  gold  per  ton. 

At  the  time  of  the  author's  visit  to  the  property  in  the  late  fall  of 
1913  little  development  work  had  been  done,  and  the  outcrop  of  the 
deposit  was  covered  with  several  feet  of  snow,  so  little  exact  informa- 
tion as  to  the  size  and  extent  of  the  deposit  could  be  obtained.  A 
short  tunnel  had  been  driven  only  a  few  feet  below  the  outcrop,  and 
intersected  the  vein  at  a  point  where  it  was  17  feet  horizontally  be- 

a  Letter  of  Dec.  9, 1914,  from  F.  W.  Hall,  Wise  River,  Mont. 
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tween  waUs,  and  a  few  feet  of  drifting  had  been  done  on  the  vein  at 
this  point«  The  strike  of  the  vein  as  indicated  by  this  work  was 
practically  east,  and  the  dip  appeared  to  the  author  to  be  about  35^ 
to  40®  to  the  north.  However,  the  management  of  the  property 
seemingly  has  a  radically  different  idea  as  to  the  dip  of  the  deposit, 
because  the  company  has  started  a  tunnel  several  hundred  feet  below, 
on  the  south  side  of  the  mountain,  and  is  driving  it  north  to  intersect 
the  vein,  whereas  if  the  deposit  dips  in  the  direction  the  author  sup- 
poses the  vein  could  be  much  more  readily  reached  by  a  tunnel  from 
the  north  side  of  the  mountain.  In  the  upper  workings  black  lime- 
stone seems  to  form  both  the  footwall  and  the  hanging  wall  of  the 
deposit. 

A  microscopic  examination  of  a  large  dark-colored  wulfenite  crystal, 
said  to  have  come  from  this  deposit  and  given  to  the  author  by  Heniy 
Schmidt,  president  of  the  company,  showed  the  presence  of  metallic 
gold  in  the  crystal,  the  occurrence  being  seemingly  similar  to  that  of 
the  native  metal  in  wulfenite  crystals  from  the  Old  Yimia  mine  near 
Tucson,  Ariz,  (see  p.  115). 

Because  of  the  sniall  amount  of  development  work  on  the  property, 
it  is  impossible  to  say  whether  the  occurrence  of  wulfenite  in  the  ore 
may  prove  of  conunercial  importance  as  a  source  of  molybdenum. 
However,  if  concentration  of  the  ore  is  attempted  with  a  view  to 
saving  the  wulfenite,  great  dijBGLCulty  is  almost  certain  to  be  encoun- 
tered in  separating  it  from  the  cerussite^  which  is  nearly  of  the  same 

specific  gravity.  

NEW  MEXICO. 

Few  occurrences  of  molybdenite  have  been  reported  in  New 
Mexico,  and  only  one  deposit  in  the  State,  that  of  the  Romero  Mining 
Co.,  near  Porvenir,  San  Miguel  County,  has  been  visited  by  the  author. 
Other  occurrences  are  at  Rociada,  about  6  miles  north  of  Porvenir^ 
in  the  same  County;  at  Bromide,  in  Rio  Arriba  County;  and  at  the 
Modoc  mine,  iu  the  Fierro  district.  Grant  County.  In  all  these  locali- 
ties the  molybdenite  is  associated  with  copper  ores.'' 

The  mineral  also  occurs  in  quartz  breccia  in  a  deposit  near  Magda- 
lena,  Socorro  Coimty,^  and  associated  with  lead  and  silver  ores  at 
Organ,  Dona  Ana  County.*^ 

Deposits  of  wulfenite  are  confined  aldiost  entirely  to  Dona  Ana, 
Sierra,  and  Grant  Counties,  in  the  southwestern  comer  of  the  State. 
The  mineral  occurs  rather  conunonly  with  silver  ores  in  the  Organ 
district,  in  Dona  Ana  County,  and  many  well-crystaUized  specimens 
have  been  obtained  from  the  Bennett  mine  at  Organ.  Most  of  these 
specimens  show  beautiful  yellow  crystals  of  wulfenite  associated  with 

a  Sanfcrdy  Saznnel,  and  St<»ie,  R.  W.,  Useful  mlDarals  of  the  United  States:  U.  8.  Oeol.  Survey  BuIL 
£86, 1911,  p.  132. 
b  Spedmeos  In  collection  of  Bureau  of  Mines, 
e  flanford,  Samuel,  and  Stone,  B.  W.,  loo.  cit. 
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celltdar  quartz  and  secondary  calcite  and  limonite.  In  Grant 
County  the  mineral  occoib  in  deposits  near  Lordsburg  ^  and  also  in 
the  Lucky  Bill  mine  near  Santa  Rita,  but  as  far  as  known  these 
occurrences  are  only  of  mineralogical  interest.  Plate  IV,  B,  shows 
a  group  of  wulfenite  crystals  of  unusual  fo.rm  from  the  Lucky  Bill 
mine.  In  Sierra  County  wulfenite  has  been  mined  at  Hillsboro,  ^  and 
a  small  production  of  the  mineral  was  derived  by  Mr.  Ralph  Widener 
in  1914  from  the  Gladjrs  claim,  in  the  Caballos  Mountams,*  near 
Cutter.  The  occurrence  of  the  mineral  has  also  been  reported  from 
the  Belcher  mine,  in  Santa  Fe  County.^ 

SCOLYBBENITB  PBOPBBTY  OF  THB  BOlIfi&O  aCXmva  00. 

The  Romero  Mining  Co.,  of  Las  Vegas,  has  done  considerable 
development  work  on  a  molybdenite  prospect  situated  about  a  mile 
and  a  half  from  the  Porvenir  Hotel  at  Porvenir,  San  Miguel  County, 
This  town  is  about  18  miles  northwest  of  Las  Vegas,  and  may  be 
reached  from  there  over  a  good  wagon  road  or  over  a  part  of  the 
same  road  from  the  northerly  terminal  of  the  Hot  Springs  Railroad, 
from  which  it  is  about  8  miles  distant. 

The  vein  material  of  this  deposit  is  seemingly  a  pegmatite,  consist- 
ing largely  of  quartz  and  feldspar,  with  smaller  amountis  of  biotite 
and  occasionally  fluorite.  The  molybdenite,  which  is  closely  associ- 
ated with  chalcopyrite,  occurs  in  masses  up  to  2  or  3  inches  in  maxi- 
mum diameter  in  occasional  pockets  in  the  vein  material.  The  ore 
also  contains  scheelite,  bismuthinite,  malachite,  molybdite,  and  vari- 
ous iron  oxides.  Plate  XVI,  B,  illustrates  a  cross  section  of  a  speci- 
men of  molybdenite  ore  from  this  property.  The  interesting  ore 
structure  shown,  although  not  typical  of  the  ore  as  a  whole,  was  noted 
in  a  number  of  specimens.  The  coimtry  rock  is  a  fine-grained  pink 
feldspathic  granite,  which  upon  microscopic  examination  shows  the 
following  minerals:  Quartz,  orthoclase,  microcline  (very  abundant), 
albite,  a  small  amount  of  biotite,  and  a  few  minor  accessory  minerals. 

When  the  author  visited  this  property,  in  the  winter  of  1913,  it 
was  covered  with  snow  and  the  outcrop  of  the  deposit  could  not  be 
examined.  At  that  time  development  work  consisted  of  a  tiumel 
about  700  feet  long  and  a  shaft  said  to  be  about  75  feet  deep.  The 
bottom  of  this  shaft  was  filled  for  20  feet  or  more  with  material  that 
had  caved  from  the  sides.  Twenty  or  thirty  tons  of  rich  molybde- 
nite ore  associated  with  timgsten,  bismuth,  and  copper  minerals  was 
reported  to  have  been  taken  from  several  pockets  in  this  shaft,  but 
at  the  time  of  the  author's  visit  there  was  no  ore  visible  either  in  the 

a  Sanford,  Samud,  and  StonOi  R.  W.,  op.  cit.,  p.  134. 
6  Sanford,  Samuel,  and  Stone,  R.  W.,  loc.  cit. 

c  Hess,  Frank  L.,  THe  production  of  cobalt,  molybdenum,  nickel,  etc.:  Mineral  Resouoes  of  U.  8.  for 
1914,  U.  S.  Qeol.  Survey,  1915,  p.  935. 
tf  Spedmen  M203  in  U.  8.  National  Huseiim. 
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shaft  or  in  the  tunnel;  which  was  being  driven  with  the  expectation 
of  crosscutting  the  ore-bearing  pegmatite  at  depth.  A  considerable 
part  of  the  rich  ore  taken  from  the  shaft  was  sacked  and  stored  in  a 
small  experimental  mill  that  had  been  erected  near  the  property. 
A  part  of  it  had  been  treated  by  crashing,  followed  by  screening  and 
hand  picking  to  remove  the  coarser  pieces  of  molybdenite,  followed  by 
concentration  on  a  Wilfley  table.  The  author  was  shown  several 
small  lots  of  coarse  high-grade  molybdenite  and  several  tons  of  con- 
centrates containing  about  7  per  cent  MoS,  and  rich  in  copper,  which 
was  obtained  by  this  method  of  treatment.  It  was  stated  that  tests 
to  recover  the  molybdenite  and  copper  by  means  of  an  oil-flotation 
process  tried  on  an  experimental  scale  at  the  mill  had  resulted  in 
failure.  It  is  understood  that  a  few  hundred  pounds  of  coarse  high- 
grade  molybdenite,  which  presumably  was  recovered  from  some  of 
the  sacked  ore  in  storage  at  the  time  of  the  author's  visit,  was  sold 
by  the  company  in  1914. 

WASHINGTON. 

CBOWK  POINT  MINE. 

The  Crown  Point  mine  of  the  AureUa  Crown  Co.  of  Seattle  is  sit- 
uated m  the  Chelan  National  Forest,  in  the  NW.  i  T.  31  N.,  R.  16  E., 
at  the  head  of  Railroad  Creek,  Chelan  County.  It  is  near  the  sum- 
mit of  the  Cascade  Range  at  an  elevation  of  over. 5,000  feet.  (See 
accompanying  sketch  map,  fig.  1.)  The  property  is  reached  from 
Chelan  FeSia,  on  the  Great  Northern  Railway,  via  stage  to  Chelan  or 
Lakeside,  a  distance  of  3  or  4  miles,  thence  by  steamer  up  Lake 
Chelan  for  about  40  miles  to  Lucerne,  and  then  by  wagon  road  and 
trail  up  Railroad  Creek  for  about  18  miles.  The  first  3  or  4  miles  of 
this  last  part  of  the  journey  are  over  a  poor  wagon  road  which  ascends 
the  hill  back  of  Lucerne  with  many  steep  grades  and  sharp  curves 
to  connect  with  an  abandoned  railroad  grade  which  continues  up 
the  north  bank  of  the  creek  to  a  point  about  12  miles  from  its  mouth. 
From  the  up-stream  end  of  the  railroad  grade  a  poor  trail  leads  to 
the  property,  about  6  miles  distant.  The  elevation  of  Lake  Chelan 
at  Lucerne  is  1,072  feet.  Accordingly  the  vertical  rise  from  the 
lake  to  the  mine  is  about  4,000  feet,  and  the  avierage  grade  of  the 
Toad  and  trail  for  the  entire  18  miles  is  over*  4  per  cent. 

The  molybdenite-bearing  deposit  at  the  Crown  Point  mine  con- 
sists in  the  main  of  a  nearly  horizontal  vein  of  white  vitreous  quartz, 
which  outcrops  for  a  distance  of  several  hundred  feet  on  the  north- 
east face  of  an  almost  perpendicular  granite  diff  at  a  height  of  700  or 
800  feet  above  its  base.  Iliis  vein  dips  slightly  (perhaps  5^  to  6°)  west. 
On  the  outcrop  its  maximum  thickness  is  about  3  feet,  and  it  pinches 
gradually  to  3  or  4  inches  at  both  ends  of  the  outcrop.  The  vein 
also  decreases  rapidly  in  thickness  as  it  runs  back  into  the  cliff,  and 
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in  a  distance  of  75  to  100  feet  it  practically  pinches  out.  Plate 
AVll,  A,  shows  the  outcrop  at  the  mouth  of  one  of  the  short  tunnels 
hy  which  the  property  is  developed.  Attention  is  called  to  the  pinch 
of  the  vein  toward  the  left  as  it  runs  into  the  cliff  and  to  the  well- 
defined  footwall  and  hangring  wall.  The  old  tree  stub  at  the  right 
leans  out  from  the  face  of  the  cliff,  which  drops  almost  perpendicu- 
larly from  the  mouth  of  the  tunnel  for  600  or  700  feet. 

An  inspection  of  the  local  top<^raphy  makes  it  evident  that  the 
hill  in  which  the  vein  occurs  once  extended  much  farther  to  the  north- 
west, and  that  a  considerable  part  of  it  has  been  removed  by  erosion 
to  form  the  valley  on  w]iich  the  present  cliff  faces.    It  is  certain 
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of  the  Crown  Point  and  Robischand  mines. 

that  the  molybdenite-bearing  vein  extended  into  this  eroded  part, 
but  there  is  no  evidence  from  which  to  determine  how  much  of  the 
vein  has  been  carried  away. 

The  molybdenite  occiu^  scattered  irregularly  through  the  quartz  in 
masses  ranging  in  size  from  minute  specks  to  pieces  4  to  5  inches  in 
maximum  diameter.  In  general  the  molybdenite  is  unusually  well 
crystallized,  and  the  deposit  probably  affords  finer  specimens  of  the 
mineral  than  are  to  be  obtained  from  any  other  known  occurrence. 
Most  of  the  crystals  have  the  form  of  flat,  hexagonal  pyramids,  the 
majority  of  which  are  beautifully  striated.  Some  of  them  are  one- 
half  to  1  inch  high,  and  4  to  5  inches  in  maximum  diameter,  and 
weigh  one-fourth  to  one-third  of  a  pound  each     The  contrast  afforded 
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by  these  lustrous  black  crystals  on  a  background  of  clean  white  quartz 
is  strikingly  beautiful.  Photographs  of  some  of  these  crystals  and 
of  a  characteristic  ore  from  this  deposit  axe  reproduced  in  Plates 
I  and  nil  A.  A  few  masses  of  molybdenite  larger  than  those 
mentioned  above  are  found,  and  the  company  states  that  ''some 
have  been  mined  that  weighed  over  5  pounds/'  and  that  ''one 
weighed  11  pdunds/'  In  general,  the  molybdenite  does  not  occur 
in  the  center  of  the  vein,  but  is  confined  to  horizons  extending  from 
a  line  2  to  3  inches  from  the  center  of  the  vein  to  a  line  the  same  dis- 
tance of  either  wall.  The  accessory  minerals  are  imimportant.  Small 
quantities  of  chalcopyxite  and  copper  carbonates  derived  from  it 
occur  at  several  places  in  the  vein,  also  occasional  small  patches  of 
galena  and  sphalerite.  These  minerals  are,  however,  largely  con- 
fined to  occturences  along  the  walls  or  in  the  immediately  adjoining 
country  rock.  On  the  whole,  the  quartz-vein  material  is  remark- 
ably free  from  all  minerals  except  molybdenite.  In  several  places 
along  the  outcrop  and  in  the  timnels  where  molybdenite  is  exposed 
to  the  air  it  has  altered  to  molybdite,  and  fine  specimens  of  partly 
altered  crystals  may  be  obtained. 

The  coimtry  rock  is  a  mediimi  to  fine  grained,  greenish-gray  biotite 
granite  in  which  the  feldspars  are  kaolinized  to  a  considerable  extent. 
The  biotite  is  also  more  or  less  altered  and  is  in  various  stages  of 
chloritization.  According  to  analyses  made  by  Zaimibrecker  and 
Pierce,**  of  Northwestern  University,  the  country  rock  does  not 
contain  molybdenimi.  Crook,  in  describing  the  occurrence  of 
molybdenite  at  this  mine,  ^  cites  the  absence  of  molybdenum  in  the 
neighboring  granite  as  an  indication  that  the  molybdenite  in  the 
vein  has  not  been  derived  by  lateral  secretion. 

About  10  feet  inmiediately  below  the  ^ein  already  desciibed  and 
roughly  parallel  with  it  there  is  a  second  smaller  quartz  vein  which 
outcrops  for  a  short  distance  a  long  the  face  of  the  cliff.  The  vein 
is  only  a  few  inches  in  thickness,  but  it  is  said  to  be  richer  in  molyb- 
denite than  the  larger  vein.  Little  development  work  has  been 
done  on  it,  and  nothing  can  be  said  of  its  possibilities. 

Development  work  on  the  upper  vein  consists  of  two  short  inter- 
secting tunnels.  The  larger  of  these,  locally  known  as  Tunnel  No.  1, 
runs  about  200  feet  west  and  is  intersected  at  an  acute  angle  by 
Tunnel  No.  4,  which  is  about  80  feet  long  and  runs  southwest.  The 
author's  examination  of  the  property  was  of  necessity  confined  almost 
entirely  to  an  inspection  of  the  upper  vein  as  disclosed  by  these  two 
tunnels,  as  a  heavy  snowstorm,  in  progress  at  the  time  of  his  visit, 
rendered  work  along  the  outcrop  on  the  face  of  the  cliff  impossible. 

a  Crook,  A.  R.,  Molybdenite  at  Crown  Point,  Washington:  Oeol.  Soo.  of  America  BulL,  yoI.  15, 1004, 
p.2S7. 
b  Crook,  A.  R.,  op.  dt.,  pp.  283-288. 
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Eqidpment  to  serve  the  Crown  Point  and  neighboring  claims  con- 
trolled by  the  same  owners  consists  of  a  mill,  machine  shop,  power 
house,  sawmill,  warehoiise,  three  cabins,  and  a  bam.  The  mill  is 
situated  on  the  slope  at  the  foot  of  the  cliff  in  which  the  molyb- 
denite-bearing veins  occur,  and  is  connected  with  the  tunnels  above 
by  an  aerial  tram.  As  the  property  had  been  closed  for  the  winter 
at  the  time  of  the  author's  visit,  entrance  to  the  mill  was  not  to  be 
had,  and  no  detailed  description  of  its  contents  can  be  given  here. 
The  equipment  is  said  to  consist  of  crashing  and  concentrating  ma- 
chinery, the  latter  including  a  Schule  dry  concentrator  imported 
from  Hamburg,  Germany,  for  treating  the  molybdenite  ore.'  The 
mill  building  also  contains  a  small  compressor  plant  operated  by  a 
Pelton  wheel.  The  president  and  general  manager  of  the  company 
in  speaking  of  the  mill  stated:  "All  the  machinery  works  well  except 
the  Schule  concentrator,  which  does  not  save  the  small  particles  of 
molybdenite;  neither  does  it  entirely  separate  all  the  quartz  from 
the  molybdenite  we  have  concentrated." 

There  is  a  splendid  supply  of  timber  available  for  use  in  mining  or 
building.  About  half  of  this  is  Douglas  and  white  fir  and  the  remain- 
der consists  of  cedar,  white  and  yellow  pine,  spruce,  and  hemlock. 
As  already  stated,  the  property  lies  within  the  boundaries  of  the 
Chelan  National  Forest:  hence  stumpage  is  for  sale  by  the  United 
States  Government. 

Much  water  power  could  be  developed  from  a  number  of  sources 
in  the  immediate  neighborhood.  Principal  among  these  is  Amelia 
Lake,  which  has  an  area  of  about  80  acres,  and  is  said  to  be  capable 
of  supplying  water  with  a  head  of  more  than  1,600  feet  within  the 
confines  of  the  property. 

The  mine  is  crecKted  with  a  production  of  10  to  12  tons  of  molyb- 
denite ore  in  both  1901  and  1902.^  Presumably  this  was  high-grade 
material,  although  no  statement  regarding  its  quality  is  made.  After 
leaving  the  property  the  author  saw  at  the  warehouse  of  the  company 
at  Lucerne  about  2^  tons  of  high-grade  mineral  estimated  to  contain 
over  95  per  cent  MoS,  which  was  ready  for  shipment.  This  material 
was  said  to  have  been  obtained  by  hand  cobbing  the  ore  and  picking 
out  the  larger  pieces  of  molybdenite. 

The  cost  of  mining  at  the  property  is  considerable  on  account  of  the 
high  cost  of  transporting  supplies  and  the  narrowness  and  slight  dip  of 
the  ore  body.  The  granite  in  which  the  vein  occurs  is  hard  and  at 
least  3  or  4  feet  of  it  must  be  mined.  However,  the  vein  stands  up 
fairly  well  after  the  underlying  granite  has  been  removed,  and  with 
careful  selective  mining  little  sorting  would  be  necessary,  and  the 

o  Kdltorlal,  Eng.  and  ICIn.  Jour.,  vol.  78, 1904,  p.  273. 

b  Pratt,  J.  H.,  Tongsten,  molybdenum,  uranium,  and  vanadium:  ICineral  ReBooroes  U.  S.  for  1902, 
U.  8.  Oaol.  Survey^  1903,  p.  287. 
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little  necessary  would  be  rendered  easy  on  account  of  the  great  dis- 
similarity between  the  vein  material  and  the  waste  rock. 

The  precipitation  during  both  simmier  and  winter  is  great^  and, 
owing  to  the  altitude  of  the  property,  snow  remains  until  early  sum- 
mer. The  roads  and  trails  from  Lake  Chelan  to  the  property  are 
generally  open  in  June,  and  easy  access  to  the  mine  may  be  had  until 
the  middle  or  last  of  September.  On  September  15,  1914,  the  com- 
pany's men,  who  were  carrying  on  development  and  assessment  work, 
left  the  property  for  the  winter,  and  on  the  next  day,  when  the  author 
visited  the  property,  a  heavy  fall  of  snow  took  place. 

If  farther  development  should  disclose  sufficient  ore  of  similar 
character  to  that  already  in  sight  to  warrant  the  installation  of  the 
necessary  machinery,  no  difficulty  should  be  experienced  in  concen- 
trating the  ore.  A  lai^e  part  of  the  molybdenite  could  be  efficiently 
recovered  by  hand  picking  after  crushing  the  coarse  pieces.  The  dis- 
card might  then  be  reduced  to  perhaps  10  mesh  and  treated  by  electro- 
static methods.  Concentration  tests  of  nearly  similar  ores  lead  the 
author  to  beUeve  that  a  high  recovery  and  a  high-grade  concentrate 
could  be  made. 

MOLYBDENTTB  KEAB  LOOKIS,  OKANOGAN  COUNTY. 

There  is  a  large  deposit  of  low-^ade  molybdenite  ore  about  10  miles 
from  Tonasket,  Okanogan  Coimty,  on  one  of  the  spurs  of  the  Aeneas 
Mountains.  It  may  be  readily  reached  by  automobile  from  Tonasket 
or  from  Loomis,  both  towns  being  about  the  same  distance  from  the 
property.  The  deposit,  which  is  owned  by  Andrew  Stair,  of  Tonasket, 
appears  to  consist  of  a  blow-out  or  chimney  of  medium-grained  light- 
gray  granite  in  which  the  molybdenite,  associated  with  pyrite,  occurs 
as  small  flakes  up  to  an  eighth  of  an  inch  in  diameter.  The  writer 
would  judge  that  the  average  molybdenite  content  of  the  granite  was 
0.5  per  cent,  but  by  careful  hand  picking  ore  containing  2  or  3  per  cent 
of  molybdenite  might  be  obtained.  At  the  time  of  the  author's  visit 
to  the  property  in  the  late  fall  of  1914  the  limits  of  the  outcrop  of  the 
ore  body  had  not  been  determined,  as  in  most  places  the  granite  was 
covered  with  considerable  soil,  but  so  far  as  prospected  it  appeared  to 
be  about  200  by  400  feet.  The  principal  development  work  con- 
sisted of  two  short  prospect  tunnels,  the  relative  locations  of  which  are 
shown  in  Plate  XVII,  B.  The  principal  constituents  of  the  granite 
are  quartz,  feldspar,  and  biotite.  The  feldspars  have  been  consid- 
erably altered  to  sericite  and  kaolin.  Accessory  minerals  are  ilmenite, 
apatite,  and  zircon.  Dr.  F.  B.  Laney,  of  the  United  States  Geological 
Survey,  who  kindly  examined  samples  of  ore  from  this  deposit  for  the 
author,  states  that: 

The  molybdenite  and  a  small  amount  of  pyrite  are  distributed  irregularly  through 
the  rock  in  such  a  manner  as  to  suggest  the  possibility  of  their  being  ori^al  constit- 
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uente.  In  some  places  the  molybdenite  occurs  in  irr^iular  fractures,  but  is  by  no 
means  confined  to  them.  Indeed  it  is  distributed  pretty  well  throughout  the  whole 
mass  of  the  specimens  studied,  but  appears  to  be  more  abundant  in  the  more  highly 
quartzose  parts  of  the  rock,  thus  possibly  indicating  that  it  is  a  late  addition  to  the 
solidifying  or  partly  solidified  magma. 

OTHER  OCCUBBENCBS  OF  MOLYBDENTTB  IN  WASHINOTON. 
DEPOSIT   NEAR   SAFETY  HARBOR  CREEK,  CHELAN   COUNTY. 

Molybdenite  associated  with  chalcopyrite  is  reported  to  occur  in 
Chelan  County  near  the  head  of  Safety  Harbor  Creek,  which  flows 
into  Lake  Chelan  on  its  northwestern  shore  about  25  miles  in  an  air 
line  from  the  foot  of  the  lake.  The  deposit  is  situated  on  the  north- 
western side  of  the  creek,  opposite  the  Navarre  Peaks,  and  is  at  an 
elevation  of  about  6,000  feet.  It  is  10  miles  over  a  good  trail  from 
the  mouth  of  the  creek  to  the  camp.  The  situation  of  the  deposit 
is  shown  in  figure  1.  The  following  notes  regarding  the  property 
were  kindly  furnished  **  by  the  owner,  P.  Robischaud,  of  Lakeside, 
Wash.  The  deposit  consists  of  two  systems  of  veins,  one  running 
approximately  east,  the  other  north.  About  700  feet  of  development 
work  has  been  done,  mostly  in  tunnels.  The  main  t\mnel  is  about 
330  feet  long,  and  200  feet  of  drifts  has  been  run  from  it.  Twelve 
fissures  running  .east  and  three  running  north  have  been  cut.  AU  of 
these  are  small,  being  18  inches  or  less  in  width.  The  greatest  depth 
reached  on  any  of  the  veins  is  about  200  feet.  The  country  rock  is 
said  to  be  porphyry. 

Specimens  of  ore  submitted  to  the  bureau  consist  of  .a  highly  altered 
rock  containing  molybdenite  and  chalcopyrite.  In  most  of  the 
specimens  the  two  minerals  are  not  intimately  associated,  the  molyb- 
denite bemg  confined  to  areas  bounding  those  in  which  the  chalco- 
pyrite occurs;  for  example,  in  one  piece  showing  a  4J-inch  streak  of 
chalcopyrite  the  molybdenite  occurs  in  two  bands  about  half  an  inch 
wide  on  either  side  of  the  chalcopyrite.  The  rock  in  which  the  sul- 
phides occur  has  been  so  changed  that  determination  of  its  original 
composition  is  impossible.  The  principal  constituents  are  quartz,  a 
carbonate  that  is  seemingly  siderite,  and  a  phosphate  that  is  probably 
apatite. 

DEPOSIT  ON   SHEEP  MOUNTAIN,  OKANOGAN   COUNTY. 

J.  M.  Risley,  of  Twisp,  Wash.,  has  furnished  the  following  infor- 
mation concerning  a  molybdenite  deposit  on  Sheep  Mountain  in  the 
northern  part  of  Okanogan  County.*  The  property,  which  consists 
of  five  claims,  is  situated  about  1  mile  south  of  Monument  No.  11  of 
the  United  States-Canadian  boundary  line  and  about  20  miles  from 

a  Letter  of  Nov.  21, 1914.  f>  Utters  of  Dec.  28, 1914,  and  July  23, 1915. 


DESCRIPTION  OP  DEPOSITS.  85 

Ashnola  Siding;  a  station  in  British  Coliunbia  on  the  branch  line  of 
the  Great  Northern  Raihoad  to  Princeton.  The  best  route  to  the 
claim  is  said  to  be  over  a  wagon  road  that  runs  from  this  station  up 
the  Ashnola  River  for  8  miles  and  thence  by  trail  about  12  miles  to 
the  property.  On  the  Washington  side  the  deposit  is  about  55  miles 
by  trail  from  Twisp. 

The  deposit  consists  of  three  roughly  parallel  veins  4  to  7  feet  wide, 
the  outcrops  of  which  may  be  traced  almost  horizontally  along  the 
side  of  the  moimtain.  The  veins  are  well  defined  and  traverse  a 
granite  country  rock.  The  altitude  of  the  lowest  vein  is  about  8,000 
feet  and  that  of  the  highest  is  about  9,000  feet.  The  two  lower  veins 
are  below  timber  line,  but  the  third  is  above  it.  Development  work 
consists  of  several  open  cuts  and  short  tunnels.  Specimens  sent  to 
the  bureau  show  the  vein  material  to  be  a  pegmatite  in  which  the 
molybdenite  occurs  as  flakes  up  to  a  quarter  of  an  inch  in  diameter, 
associated  with  molybdite  and  pyrite.  The  specimens  submitted 
were  free  from  copper  minerals  and  were  estimated  to  contain  about 
1  per  cent  of  molybdenite. 

PROSPECTS  NEAR  OROVILLE,  OKANOGAN   COUNTY. 

m 

The  author  has  noted  the  occurrence  of  small  quantities  of  molyb- 
denite associated  with  chalcopyrite  in  quartz  in  the  Forty-ninth 
Parallel,  Golden  Chariot,  and  O.  K.  prospects,  all  of  which  are  situated 
about  3  or  4  miles  north  of  Oroville,  Okanogan  Coimty,  on  the 
eastern  slope  of  the  hills  on  the  west  shore  of  Lake  Osoyoos.  The 
mineral  also  occurs  near  ConcunuUy  in  the  same  county,  associated 
with  quartz,  sericite,  pyrrhotite,  and  secondary  calcite.** 

MISCELLANEOUS   OCCURRENCES. 

Other  locaUties  in  the  State  in  which  molybdenite  occurs  are  as 
follows:  Near  Skykomish,  King  County,  with  chalcopyrite  and  bor- 
nite;*  in  the  Monte  Cristo  district,  Snohomish  County,  as  occasional 
fine  flakes;^  in  Pierce  County  on  the  north  side  of  Moimt  Ranier  near 
the  White  River  Glacier  at  an  altitude  of  about  6,000  feet;^  on 
Thunder  Creek,  a  tributary  near  the  head  of  the  Skagett  River;*  in 
Ferry  County  on  many  prospects  in  the  Sanpoil  district;^  also  in  the 
Metalline  district  in  Stevens  Coimty.^ 

o  Spedmen  In  U.  S.  National  Museum. 

^  Specimen  in  Museum  of  California  Bureau  of  Mines. 

c  Spurr,  J.  E.,  The  ore  deposits  of  Monte  Cristo,  Wash.:  U.S.  Geol.  Survey  Twenty^second  Ann.  Kept., 
pt.  2,  IflOl,  pp.  777-886. 

<<  Letter  from  Milnor  Roberts,  University  of  Washington,  Nov.  20, 1913. 

<Idem. 

/Sanford,  Samuel,  and  Stone,  R.  W.,  Useful  minerals  of  the  United  States:  U.  S.  Geol.  Survey  Bull. 
585, 1914,  p.  205. 

9 Sanford,  Samuel,  and  Stone,  R.  W.,  loo.  cit.  • 
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TABULATION  OF  MOLTBDKNTTB  AND  OF  WUUTOITB  OCCUBBSNGBS 

IN  THE  UNITED  STATES, 

Following  are  tabulations  showing  molybdenite  and  wulfenite 
occurrences  in  the  United  States,  with  remarks  and  references  to 
descriptive  literature. 

Occurrences  of  molyhdemle  in  the  United  SUUea. 


state. 


Alaska: 

Jumbo  mine,  Salter. 


TraadweUmlne. 
ChfloootPaaB... 


At  mile  102  oo  Copper  River  & 

Korthwestem  k.  R. 
On  Lost  River,  Sewsid  Penin- 
sula. 
Arlscna: 

Bee  pp.  63  to  68 

Callfoma: 

Bee  pp.  68  to  68 

ColorBdo: 


See  pp.  68  to  72. 
lecucut: 


Conni 

AtHaddam,lliddleeex  County. 


AtSaybrook 

South  Qlastonbury,  Hartford 
County. 
Idaho: 

At  Knob  HOI,  Kootenai  County 

Seven  Devils  district 

At  Leadore,  Lemhi  County 

On  south  fork  of  Salmon  River, 
14  miles  from  Warren. 
Maine: 

At  Cooper,  Washington  County . 


At    Bmnswiek,    Cumberland 
County. 

At  Blue  Hill  Bay  and  Camdage 

farm,  Hancock  County. 
At   Bowdoinham,   Saindahoc 

County,  and  Sanford,  York 

County. 
At    Tunk     Pond,     Hancock 

County. 


At  Buokfleld,  Oxford  County. 


At  Greenwood,  Oxford  County. 

Mount  Mica,  4  miles  oast  of 
Paris. 
Massachusetts: 

At  Shutesbury,  east  of  Locke's 
pond. 

AtBrimf&eld 

AtRookport 


AtQulnoy 

Minnesota: 

Near  Portage,  Aitkin  County. 

Montana: 

See  pp.  72  to  76 


Remarks. 


In  altered  limestone  (7)  with  dial- 

oopyrite. 
Frequent  in  ore 


Fairly  coarse  aggregates  in  iron- 
stamed  siliceous  gangue. 


In  gneiss. 


In  pegmatite. 


On  property  of  the  Sauca  Consoli- 
dated Co. 
In  Chieftan  Copper  mine 


Small  flakes  with  sericite. 


Flakes  in  pegmatite  dikes  and 
gnmite. 


With  quarts,  fieldspar,  and  bio- 
tito. 


In  large  crystals. 


Flakes  in  pegmatite  dikes  and 
granite. 


In  pegmatite. 


With  iolite. 
In  granite.. 


.do. 


U.  8.  Oeoiogical  Sorvey  Prot 
Paper  89,  m5,  p.  40. 

Trans.  Am.  Inst.  Min.  Eng., 
vol.  35, 1905.  p.  6(0. 

Spedmen  In  u.  S.  NatkBal  Mu- 
seum. 

Min.  and  Eng.  Worid,  vol.  37, 
1912,  p.  682. 

Spedmens  in  coJlectinn  of  U.  8. 
Oed.  Survey. 


Spedmen  In  Bmdi  ODOeetion, 

I  ale  University;  and  Dana,  E. 

S.,  A  system  of  mineiBlogy, 

6th  ed.,  1911,  p.  41. 
Dana,  E.  8.,  loe.  dt. 
U.  S.  Ged.  Survey  Boll.  585, 

1914,  p.  63. 

Min.  Ind.,  vd.  16,  p.  723. 

Specimen  in  Calilonila  Bureaa 

of  Mines  Museum. 
Specimens  in  coUectian  of  U.  S. 

Oeol.  Survey. 
Min.  Ind.,  1905^  vd.  14^  p.  450. 

U.  S.  Oeol.  Survey  Bull.  340^ 

1908.  pp.  231-240:  and  U.  S. 

Oeol.  Survey  Bull.  260,  1906^ 

pp.  197-199. 
Specimen  in  U.  8.  National  Mn- 

seum;   U.  8.    Oed.   Survey 

Bull.  340, 1908,  p.  236. 
Dana,  £.  S.,  loo.  cit. 

Do. 


U.  S.  Oed.  Survey  Bull.  340, 
1908,  pp.  231-240;  Min.  World, 
vol.  31, 1909,  pp.  323, 324. 

Eng.  and  Min.  Jour.,  vol.  82, 
1906,_p.  1106;  U.  8.  Oeol.  Sur- 
vey Bull.  340, 1906,  pp.  236-237. 

Eng.  and  Min.  Jour.,  vol.  82, 
1906,  p.  1106. 

U.  S.  Oeol.  Survey  Bull.  340, 
1908,  p.  237. 

Dana,  E.  S.,  loc.  cit. 

Do. 
Letter  from  C.  H.  Wanren,  Bos* 

ton.  Mass. 
Do. 

Min.  Res.  U.  8.,  1901,  U.  S.  Ged. 
Survey,  1002,  p.  387. 
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Oceunenees  of  molybdenite  in  the  United  8tate» — Continued. 


Steto. 


At  Soott's  camp,  near  Alpine. 


Lander  County. 


Near  Lewis,  Lander  County. 


In  Tule  GanyoDy   Esmeralda 
Comity. 

U  miles  firam  Tonopah  on  Lone 

Mountain.  Bsmeralda  County. 
At  Columoia,   Esmeralda 

County. 
10  miles  west  of  Winnemncca. 

on  Rose  Creek,  Humboldt 

County. 
Winnemoooa,     Humboldt 

County. 
At  Mena,  mneral  County 


26  miles  north  of  Gokxmda, 

Humboldt  County. 
Near  Amos,  Humboldt  County. 

Near  Yerrtogton,  Lyon  County. 

Near  head  of  Death  VaUey 


In  Yerington  district,   Lyon 

County. 
At  Redlich,  Mineral  County.... 
At  Oak  Springs,  45  miles  north 

of    Jotumie     Siding,     Nye 

County. 
New  Hampshire: 

At  Westmoreland 


At  Llandaff. . . 
At  Ffanconia. 
Wa^wle 


Warren 

New  Jersey: 

At  Stanhope,  Sussex  County. 


McAfee 

Hadoettstown 

Edison,  Sussex  County. 
New  Mexico: 


Remar:  s. 


In  quarts. 


With  powellite,  scheelite,  and 
kaolin. 


With  quarts,  chaloopyrite,  and 

Fme  grains  with  molybdenite  in 

siliceous  gangue. 
Fairly  large  aggregates  in  siUoeous 

Fl^flalres  with  quartz  sericite, 

and  pyrite. 
Fairly  large  masses  with  quarts 

and  feldspar. 


In  pegmatite 
In  quarts  veins 


in  quarts  vems 

With  powellite  and  scheelite. 


In  quarts  and  feldspar. 


In  tubulsr  crystals. 


See  pp.  77  to  79. 
rx: 


With  kaolinised  feldspar,  musoo- 

vite.  and  molybdite. 
With  feldspar  and  hornblende. . . . 

In  a  fine-grained  magnetite  with 
massive  pyrite  in  the  Hude 
mine;  also  m  Stanhope  mine. 

With  augite  and  pyrthotite  in 
trystaluDe  limestone. 

With  chaloopyrite  and  pyroxene. , 

Crystals  in  granitoid  rode  in  Og- 
oen  mine. 


New  Yorl 

In  New  Bed  mines,  Essex 
County. 

In  Port  Henry  Iron  mines,  Es- 
sex County. 

Natural  Bridge,  Jefferson 
County. 

Lyon  Mountaln,CUnton  County 


West  Point,  Orange  County.. . . 
2  miles  southeast  of  Warwick, 

Orange  County. 
New  York  City,  near  Forty-eeo- 

ond  Street  and  First  Avenue. 
Tilly  Foster  mine,  Brewster, 

Putnam  County. 


LakB  Cbaaqilain 

Adirondack  Mountains. 


With  pyrrhotlte. 


With  rutile,  siroon,  and  pyrite. . 
In  gneiss 


With  hornblende,  augite,  chlo- 
rite, pyrrhotlte,  and  maipaetite. 


With  quarts,  feldspar,  and  mus- 
covite. 


Reference. 


Letter  from  O.  Scott,  Alpine, 

Nev.,  Nov.  9. 1914. 
Specimen  in  Nevada  exhibit  of 

Pan.-Pac.  International  Expo., 

1915. 
Specimen  in  CaUfomia  Bureau 

of  Mines  Museum. 
Specimen  in  Nevada  exhibit  of 

Pan.-Pac.  Intematiooal  £xi>o., 

1915. 
Eng.  and  Min.  Jour.,  voL  76, 1903, 

p.  667. 
Specimen  in  U.  S.  National  Mo- 

seum. 
Eng.  and  Min.  Jour.,  voL  87, 1900, 

p.  775. 

Specimen  in  U.  6.  National  Mu- 
seum. 

Specimens  in  coUection  of  U.  8. 
Qeol.  Survey. 
DOb 

Da 

Da 

tJ.  S.  Geol.  Survey  BulL  SSL 
1914,  p.  120. 
Da 

Do. 
Da 


Specimanii  in  U.  S.  National  Mu- 
seum and  Brush  collection, 
Yale  T'niversity:  Dana,  E.  S., 
A  system  of  mineralogy,  6th 
ed.,  1911,  p.  41. 

Dana,  E.  8.,  loc.  dt. 
Da 

Specimen  in  U.  S.  National  Mu- 
seum. 
Da 

Eng.  and  Min.  Jour^  vol.  78, 2004, 

5,  101;  U.  S.    Oeol.   Survey 
ull.  685, 1914, 1).  127. 
Spedmen  m  TJ.  S.  National  Mu- 
seum. 
Specimen  in  Fidd  Museum  of 

T^atural  History. 
Specimen  in  American  Museum 
d  Natural  History. 


Trans.  Am.  Inst.  Min.  Eng.,  vd. 
27. 1897,  p.  199. 
ba 

Spedmen  in  Caiifomia  Bureau  of 
Mines. 

U.  S.  Oeol.  Survey   Bull.  685, 
1914,  p.  138. 
Da 

Dana,  E.  S.,  A  S3nrtem  of  mineral- 
ogy, 6th  ed.,  1892,  p.  41. 

Sp^men  in  American  Museum 
of  Natural  History. 

Spedmens  in  American  Museum 
of  Natural  History  and  in 
Brudi  odlection.  Vale  Uni- 
versity. 

Spedmen  in  U.  S.  National  Mu- 
seum. 

Min.  Ind.,  vol.  6, 1897,  p.  486. 


88  MOLYBDENUM;   ITS  0BE8  AND  THEIB  CONCENTRATION, 

Oceurrentes  o/molybdeniU  in  the  United  Statet — Continued. 


V 


state. 


North  Carolfaia: 

Dwnmtng,  McDowell  County . . 

Near  Pioneer  MOb  mine,  Oftbar- 

nu  Comity. 
Near  Concord,CabaiTi]B  County. 
Onillard  County 


AUecbeny  County. 
LtHaekc  " 


At  Haekett's.  Macon  County . . . 

West  or  tbe  Blue  BldflB 

Oklahoma: 

Near   Roosevelt,  in  Wichita 
Mountains. 
Oregon: 

Copper  Creek,  Eagle  Moun- 
tains, Baker  County. 

Nine  milee  from  Huntington, 
down  Snake  River,  Baker 
County. 

Olaoier  Park,  Middle  Eagle 
Creek. 

At  Drum  Lnmmon  mines,  in 
T.efl..  R.44E. 

Near  OaUoe,  Josephine  County. 


Remaiks. 


With  quarts,  musoovite-biotite 

schist. 
In  granite  and  quarts 


With  pyrite  in  quartz. 


In  Peach  Bottom  mine. 


Pennsylvania: 

Frankford,  Philadelphia  County 


Oermantown. 

Chester,  near  Reading 

Morton,  Delaware  County. 
Avondale,  Chester  County. 


Rhode  Island: 

Copper  Mine  HUl,  Cumberland . 

Near  Sneech  Pond,  Cumber- 
land. 
South  Car<dina: 

In  Haile  gold  mine,  northeast 
of  Kershaw,  on  Lynches 
Creek,  Lancaster  County. 


South  of  Bluflton,  Llano 
County. 

Utah: 

Alta,  Little  Cottonwood  dis- 
trict. 

In  Peruvian  Oulch.  1)  mfles 
west  of  Alta,  Salt  Lake 
County. 

Near     Leamington,     Millard 
County. 
Vermont: 

At  Newport 

Lexington 


Not  given. 


Washington: 

See  pp.  79  to  86., 
Wyoming: 

Albany  County. 


Encampment,  Carbon  County . 


The  Illinois  claim  of  Shoshone 
Mountain  Mining  Co.,  BUr- 
win. 


In  white  quarts. 


With  copper  minerals  in  center  of 
vein  8  feet  wide. 


In  gneiss,  with  Mdspar,  quarts, 
and  biotite;  also  pegmatite; 
trom.  Hottman'a  quarry,  with 
granular  quarts  and  diopaide. 


From  stone  quarries. 


With  feldspar,  quarts,  and  mus- 
covite. 

In  Johnson's  quarry,  with  feld- 
spar, quarts,  and  biotite. 

Leiper's  quarry,  with  feldspar, 
quarts,  and  muscovite. 

In  serpentine  matrix  with  mala- 
chite. 
In  manganese  ore 


With  pyrite  carrying  gold. 


In  granite,  with  cyrtoUte  and  fer- 
gusonite,  with  poweUite. 


With  quarts 

In  siliceous  gangue,  with  pyrite. 


Flakes  in  quarts. 


With  apatite 

With  feldspar  and  quarts. 


With   kaolinifieil    feldspar    and 
molybdite. 


With  quarts. 


Flakes  in  quarts. 


Reference. 


Specimen  in  U.  8.  National  Mu- 
seum. 
Genth.  F.  A.,  Mfaiersls  of  Nortli 

Carolina,  1801,  p.  23. 
Dana,  E.  b..  loe.  dt. 
Hintse,OBri,  Handbuch  der  Min- 
eralogie,  voL  1, 1808,  p.  417. 
Da 
Da 
Da 

Eng.  and  Min.  Jour.,  vol.  77, 
l«M,p.a86. 

Bun.  University  of  Oregon,  vol. 

1.  No.  4, 1904.  p.  100. 
Letter  from   J.   L.   McKeever, 

Cbicago^  ni..  Mar.  28, 1914. 

BuU.  University  of  Oragon,  -vol. 
1,  No.  4, 1904,  p.  100. 
Do. 

Mfai.  Ind.,  vol.  16, 1907,  p.  733,  and 
vol.  18, 1900,  p.  531. 

Specimens  in  Bruah  ooOection, 
Yale  University,  American 
Museum  of  Natural  History, 
and  U.  S.  National  Museum; 
Tnms.  Am.  Inst.  Min.  Eng., 
vol.  31, 1901,  p.  443. 

Proc.  of  the  Academy  of  Natural 
Science,  1887.  p.  38. 

Specimen  ia  U.%.  National  Mu- 
seum. 
Do. 

Do. 


Specimen  in  American  Museum 

of  Natural  History. 
U.  8.  Qeol.  Survey  Bull.  S85, 

1914,  p.  165. 

U.  S.  Qeol.  Survey  Bull.  293, 
1906,  p.  81. 


Am.  Jour.  Sol.,  ser.  4,  vol.  38^ 
1914.  p.  485:  specimen  in  U.  S. 
National  Museum. 

Specimen  in  U.  S.  National  Mu- 
seum. 

Specimens  in  ooUedtlon  of  U.  8. 
Geol.  Survey. 

Mineral  Resources,  U.  S.,  1901,  U. 
8.  Qeol.  Survey,  1902,  p.  266. 

Dana,  E.  S.,  loc.  dt. 
Specimen  in  U.  S.  National  Mu- 
seum. 
Do. 


Field  Museum  of  Natural  His- 
tory. 

fipecunen  in  California  Bureau  of 
Mines  Museum. 

Letter  from  Henry  Schnitzel, 
Deadwood,  8.  Dak.,  Apr.  3, 
1914. 
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OceurreTices  ofwulfeniU  in  the  United  States. 


State. 


Arizona: 


See  pp.  45  to  53. 
lornu: 


Calflc 

Fotrero,  San  Diego  County. 


La  vis,  San  Bernardino  County , 
Inyo  County , 


Mount     St.     Helena,     Napa 
County. 
Colorado: 

AtLeadvllle 


ICassachuaetts: 
Southampton. 


At  LoudvfUe,  in  Manhan  lead 
mines,  Hampshire  County. 

Montana: 

Seepp.76to77 , 

New  Mexico: 

See  pp.  77  to  78 

Nevada: 

Eureka  Dlstrlot,  Eureka 
County,  In  Eureka  Coasoll- 
dated  and  K.  K.  mines;  on 
Ruby  Hill. 


Teeoma,  Elko  County. 


On   Comstock   Lode,    Storey 

County. 
Redemption  mine,  Esmeralda 

Countv,  1}  miles  south  of 

HorasOver. 
4  miles  east  of  Crescent,  Clark 

County. 
Quartette  mine,   Searchlight, 

Clark  County. 
Eldorado  mine,  Belmont,  Nye 

County. 
New  York: 

Near  Sing  Sing 


Pennsylvania: 

PhoenixvUle,  Chester  County. 


FerUomen,  Montgomery 
County. 


Eaton  mines,  near  Audubon, 
Montgomery  County. 

Pequea  mines,  Lancaster 
County. 
South  Dakota: 

Richmond  mine,  Black  Hills.. 

Utah: 

At  Alta  in  the  Continental- Alta 

and  City  Rocks  mines.  Little 

Cottonwood    district.    Salt 

LcJce  County. 
Lnden    district,   Box    Elder 

County. 


Remarks. 


In  quartz,  with  malachite  and 
chaloopyrlte. 


In  Empire  mine. 
In  quartz 


In  iierruginous  limestone. 


With  quartz  and  sometimes  with 
pyromorphite. 


Sometimes  hemimorphio  crystals. 


With  quartz,  calcite,  and  llmo- 
nlte.  Possibly  of  commercial 
importance. 


White  calclte  on  limonite 

With  vanadlnlte 

With  crysocolla  and  ceruaslte. . . 

With  vanadlnlte  and  pyromor- 
phite on  crystalline  limestone. 

With  granite,  pyromorphite,  an- 
gleslte,  oeruasit^  quarts,  and 
galena. 

With  pyromorphite  in  quarts . . . 


With  quartz,  cerusslte,  and  limo- 
nite. 

In  limestone  with  lead  ore 


With  limestone. 


Reference. 


Spedmen  in  California  Bureau  of 

Mines  Museum. 
Specimen  in  Museum  of  Yale 

university. 
Dana,  E.  B.,  A  system  of  mlner- 

oloey,  6th  ed.,  1911.  p.  991. 
Specimen  in  CaUfomia  Bureau  ol 

Mines  Museum. 

Specimen  in  Field  Museum  ol 
Matuial  History. 

Dana.  E.  8..  loc.  oit;  speoimeos 
in  Firid  Museum  of^  Natural 
History,  American  Museum  of 
Natural  History,  and  Brush 
collection,  Yale  university. 

Dana,  £.  S..  op.  olt.,  p.  73,  and 
U.  S.  Oeol.  Survey  Bull.  585w 
1914,  p.  97. 


Trans.  Am.  Inst  Min.  Eng.,  vol. 
6,  1877-78,  p.  569;  U.  S.  Oeol. 
Surv^r  Bun.  585, 1914,  p.  123; 
specimens  in  Brush  Collection, 
Yale  University,  U.  B.  National 
Museum,  Colorado  State  Mu- 
seum, American  Museum  of 
Natural  History,  and  in  Field 
Museum  of  Natural  History. 

Specimen  in  American  Museum 
of  Natural  History  and  Mu- 
seum in  California  Bureau  of 
Mines. 

Dana,  E.  8.,  op.  cit,  p.  990. 

U.  S.  OeoL  8nrv«y  Bull.  585, 1914, 
p.  138. 

Do. 

Specimen  in  Harvard  collection. 

Harvard  University. 
Specimen  in  Brush  collection, 

Yale  University. 

Dana,  E.  S.,  op.  dt.,  p.  991. 

Dana,  C  S.,  loc.  dt.;  specimens 
in  Brush  collection.  Yale  Uni- 
versity: American  Museum  of 
Natuifal  History,  U.  S.  Na- 
tional Museum,  and  Field  Mu- 
seum of  Natural  History. 

U.  S.  Oeol.  Survey  Bull.  585, 
1914,  p.  164;  specimens  in 
Brush  collection,  Yale  Univer- 
sity, and  in  American  Museum 
of  Natural  History. 

U.  S.  Oeol.  Survey  Bull.  585, 
1914,  p.  164. 
Do. 


Specimen  in  U.  S.  National  Mu- 


U.  S.  Oeol.  Survey  BulL  340, 
1907,  pp.  339-34a 


Specimen  in  Field  Museum  of 
Natural  History  and  Brush 
collection,  Yale  u  nivenBlty. 
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State. 

Bemaiks. 

BefinsoBoe. 

1 

Utah— Continued. 

Dana,  E.  8.,  loc  eft;  spedmeo 
In  Brash  odUection,  Yale  Uni- 
versity. 

Specimen  in  ooDectlon  of  U.  S. 

Tn  Trnrrfnffton  TtUj'^ery  inln«. 

Bmver  County. 

- 

OeoL  Survey. 

PAKT  m.    CONCENTRATION. 

DfPOBTANCE  OF  SUCCESSFUL  CONCENTRATION  OF  LOW-GBADE 

ORES* 

Successful  conceittration  of  the  low-grade  ores  of  molybdenum  is 
the  one  factor  on  which  the  future  of  molybdenum  mining  depends 
more  than  on  anything  else.  Outside  of  a  small  and  irregular  pro- 
duction of  wulf enite  concentrates,  the  molybdenum  markets  .of  the 
world  hare  to  date  been  supplied  largely  by  a  molybdenite  product 
containing  60  to  90  per  cent  MoS,  obtained  by  the  primitive  process 
of  cobbing  and  hand  picking  high-grade  ore.  In  a  few  instances  hand 
picking  has  been  supplemented  by  coarse  crushing,  preferably  in  rolls 
or  some  similar  type  of  machine  that  tends  to  flatten  the  crystals  or 
flakes  of  molybdenite,  followed  by  screening  to  separate  the  coarser 
particles  of  molybdenite  from  the  gangue.  That  such  a  method  is 
extremely  wasteful  is  self-evident,  and  probably  in  every  instance 
where  it  has  been  employed  more  molybdenite  has  been  thrown  on 
the  dump  as  waste  than  has  been  saved.  But  aside  from  iJie  ineffi- 
ciency of  the  process,  the  known  supply  of  rich  ore  on  which  it  can 
be  applied  with  success,  even  at  the  present  high  price  of  the  molyb- 
denite product,  is  so  small  as  to  promise  a  yield  of  only  a  few  tons. 
Barring  the  discovery  of  extensive  high-grade  deposits  of  molybde- 
nite, the  product  obtained  by  cobbing,  hand  picking,  and  screening 
out  the  coarser  flakes  of  the  mineral  will  not  yield  a  hundredth  part 
of  the  tonnage  of  concentrates  requisite  to  the  proper  development  of 
the  market.  Neither  will  the  few  known  commercial  deposits  of  wul- 
fenite,  which  is  easily  concentrated,  be  able  to  supply  the  demand. 
Low-grade  molybdenite  ores,  of  which  there  are  large  deposits  con- 
taining 1  to  3  per  cent  MoS^,  must  therefore  be  treated. 

As  yet  it  has  not  been  proven  that  ai^  of  the  chemical  or  metal- 
lurgical processes  so  far  used  or  proposed  for  extracting  molybdenum 
are  nearly  as  economical  as  mechanical  processes  of  concentration 
when  directly  applied  to  low-grade  molybdenite  ores,  particularly  if 
the  deposits  are  situated  at  a  distance  from  railroad  transportation. 
It  appears^  therefore,  that  the  mechanical  concentration  of  such  ores, 
includii^  a  study  of  methods  for  the  removal  of  deleterious  elements, 
such  «B  copper,  from  the  concentrates  is  the  chief  problem  to  be  con- 
sidfiiedL  Tlie  Bureau  of  Mines  hopes  by  investigation  of  these  ques- 
tiom  to  obtain  results  that  will  point  the  way  to  the  establishment 
cC  a  successful  industry. 
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lu  this  report  the  question  is  necessarily  taken  up  in  a  preliminary 
way  as  the  bureau  has  at  present  no  equipment  of  its  own  for  con- 
ducting concentration  tests.  However,  a  discussion  of  the  more 
successful  existing  methods  of  concentration  is  attempted  here,  and  is 
supplemented  by  the  results  of  a  number  of  concentration  tests  of 
ores  selected  as  representative  of  typical  deposits.  The  tests  de- 
scribed were  made  possible  through  the  kindness  of  various  com- 
panies and  individuals  who  placed  the  equipment  of  their  testing 
laboratories  at  the  author's  disposal.  These  tests  were  of  necessity 
made  on  laboratory-size  machines  and  on  small  lots  of  ore,  and  the 
results  must  be  considered  only  as  indicative  of  what  may  be  expected 
from  the  treatment  of  commercial  quantities  of  ore  on  machines  of 
standard  size. 

With  proper  equipment  at  its  command  the  bureau  hopes  to  develop 
improved  processes  of  concentration  of  these  low-grade  ores,  the 
results  of  its  work  to  appear  in  a  succeeding  report. 

Of  the  two  commercial  ores  of  molybdenum,  namely,  molybdenite 
and  wuHenite  ores,  the  first  are  not  amenable  to  the  ordinary  processes 
of  concentration  by  jigs,  tables,  vanners,  slimers,  etc.,  such  as  are 
usually  employed  in  treating  ores  of  copper,  lead,  zinc,  gold,  and 
silver,  as  the  grains  or  flakes  of  molybdenite  even  when  of  considerable 
size  float  readily  on  water  and  therefore  are  lost  if  these  methods  are 
employed.  On  the  other  hand,  httle  difficulty  is  experienced  in  the 
adaptation  of  the  ordinary  jig  and  table  processes  to  wulfenite  ores,  as 
they  are  readily  wetted,  and  because  of  the  high  specific  gravity  (6.7  to 
7)  of  wulfenite  it  is  much  heavier  than  any  of  the  gangue-forming 
<K)nstituents  of  most  of  its  ores.  On  accoxmt  of  the  wide  difference  in 
the  character  of  molybdenite  and  of  wulfenite  ores  and  the  necessity 
of  subjecting  them  to  entirely  different  processes  of  treatment,  the 
concentration  of  each  is  considered  separately. 

CONCENTRATION  OF  MOLTBDENITi:  ORES. 

Until  recently,  practically  all  the  processes  of  concentration  of 
molybdenite  that  have  been  attempted  on  a  commercial  scale  in  the 
United  States  have  been  unqualified  failures.  A  number  of  com- 
panies have  erected  mills  and  installed  various  rolling  and  screening 
processes,  pneumatic  separators,  and  wet  concentrators  similar  to  or 
adaptations  of  those  usually  employed  in  the  treatment  of  lead,  zinc, 
and  copper  ores.  These  mills  have  operated  only  a  few  weeks  at  the 
most,  and,  as  far  as  the  author  knows,  only  one  company  produced 
more  than  a  ton  of  marketable  concentrates.  In  several  instances, 
the  processes  were  absolutely  unsuited  to  the  ores  to  which  they  wore 
applied,  and  their  unsuitability  could  have  been  conclusively  shown 
by  a  trial  qa  an  experimental  scale.    In  other  instances  proceesoQ  that 


CONCENTBATION   OF   MOLYBDENITE   OSES,  93 

seemed  to  promise  success  from  small-scale  tests  were  failures  on  a 
commercial  scale  owing  to  difficulties  in  their  practical  application. 

Notwithstanding  this  record  of  continuous  failures,  and  although 
the  concentration  of  molybdenite  ore  has  been  considered  one  of  the 
most  difficult  problems  in  ore  dressing,  there  are  methods  of  treat- 
ment that  have  been  developed  for  some  time  that  can  be  applied  to 
many  molybdenite  ores  with  certainty  of  success.  Before  proceed- 
ing to  describe  these  processes  it  may  be  well  to  state  that  there  is  no 
method  suitable  for  the  treatment  of  molybdenite  ores  in  general, 
but  that  each  particular  ore  usually  involves  its  own  individual  con- 
centration problems ;  a  method  or  combination  of  methods  that  might 
give  highly  satisfactory  results  with  one  ore  might  prove  an  unquali- 
fied failure  with  another.  In  describing  each  process  the  author  will 
attempt  to  show  to  which  particular  type  of  ores  it  is  adapted,  and 
how  some  ores  are  best  treated  by  a  combination  of  processes. 

Methods  of  concentration  that  have  been  used  with  success  with 
molybdenite  ores  may  be  grouped  under  three  general  heads,  as  fol- 
lows: (1)  Rolling  and  screening  processes;  (2)  electrostatic  methods; 
(3)  flotation  processes.     Each  of  these  is  considered  separately. 

BOLUNG  AND  SCBEENING  PBOCESSES. 

A  considerable  proportion  of  the  molybdenite  in  some  ores  in  which 
the  mineral  occurs  as  large  flakes  or  crystal  aggregates  may  be 
recovered  by  crushing  the  ore  in  roUs  and  then  screening  the  crushed 
material.  The  success  of  the  process  depends  entirely  upon  flatten- 
ing the  molybdenite  masses  into  flakes  the  maximum  diameters  of 
which  are  in  excess  of  those  of  the  particles  of  gangue  material.  Usu- 
ally before  the  ore  is  screened  it  is  passed  through  a  series  of  rolls 
to  break  the  gangue  into  small  particles.  The  material  passing 
through  the  first  screen  is  again  crushed  in  rolls  and  screened,  and  the 
process  repeated  as  many  times  as  may  appear  to  be  advantageous. 

About  10  years  ago  the  American  Molybdenum  Co.,  of  Boston, 
erected  a  mill  at  Cooper,  Me.,  for  the  recovery  of  molybdenite  by  the 
process  outlined  above.    Hess  ^  comments  on  this  plant  as  follows : 

The  plant  consisted  of  a  35-horBepower  boiler  and  engine,  a  Sturtevant  jaw  crusher 
and  roll,  and  four  sets  of  special  rolls,  each  3  feet  in  diameter  and  10  inches  wide.  The 
crusher  was  but  a  couple  of  feet  above  the  floor,  from  which  the  material,  crushed  to 
about  one-fonrth  inch  square,  was  elevated  to  the  Stiutevant  roll,  18  inches  in  diam- 
eter by  4  inches  wide,  which  reduced  the  ore  to  about  one-eighth  inch.  It  was  then 
elevated  to  a  bin  at  the  top  of  the  building,  from  which  it  fell  to  a  series  of  two  special 
rolls,  thence  was  elevated  to  a  third  special  roll,  and  run  through  a  34-mesh  screen. 
The  molybdenite  caught  on  the  screen  was  delivered  to  a  box  at  the  end.  The  mate- 
rial going  through  the  screen  was  carried  by  an  elevator  and  screw  conveyor  to  a  fourth 
roll,  from  which  it  fell  onto  a  40-mesh  screen  and  from  that  to  a  60-mesh  screen.    What 

a  Heas,  F.  L.,  Some  molybdeDum  deposits  of  Matne,  Utah,  and  CaUfornla:  U.  8.  Oed.  Survey  BuU. 
340, 1907,  p.  333. 
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went  through  the  60-mefih  screen  wae  elevated  and  sent  to  the  tailings  pile .  It  is  read- 
ily seen  that  the  repeated  elevations  of  the  material  meant  a  considerable  waste  of 
power.  The  mill  ran  only  six  weeks,  and  is  said  to  have  made  about  a  ton  of  concen- 
trates, a  portion  of  which  seen  by  the  writer  was  very  clean.  In  the  tailings  some  fine 
flakes  of  molybdenite  were  found,  but  the  amount  seemed  small.  Such  a  process,  if 
mechanically  perfected,  might  work  profitably  on  deposits  where,  as  in  this  one,  the 
molybdenite  flakes  are  comparatively  broad,  but  would  be  wholly  unsuited  to  deposits 
like  many  of  those  in  Colorado  and  elsewhere,  in  which  the  individual  flakes  «re  of 
almost  microscopic  size. 

Modifications  of  the  rolling  and  screening  process  have  been  em- 
ployed at  other  molybdenite  mines  both  in  «this  country  and  in  Aus^ 
traUa.  All  of  them  have  proved  inefficient,  and  in  most  instances 
where  they  have  been  used  as  the  sole  method  of  recovery  more  of 
the  mineral  has  been  thrown  on  the  Waste  dump  than  has  been 
saved.  In  the  author's  opinion,  rolling  and  screening  are  of  vahie 
only  as  preliminary  treatment  to  remove  the  coarser  and  heavier 
masses  of  molybdenite  from  ores  in  which  the  mineral  occurs  in 
fairly  large  aggregates.  The  appUcation  of  such  treatment  to  this 
type  of  ore  may  be  desirable  in  a  few  instances,  as  it  saves  a  con- 
siderable part  of  the  molybdenite  in  coarse  form,  thereby  doing  away 
with  losses  that  would  inevitably  occur  if  the  large  pieces  were 
broken  up.  How  far  rolling  and  screening  should  be  continued 
depends,  of  course,  on  the  nature  of  the  ore  and  on  what  process  of 
treatment  is  to  follow.  In  general,  however,  screening  to  recover  a 
concentrate  should  not  proceed  beyond  the  point  where  the  succeed- 
ing process  will  begin  to  handle  the  material  efficiently.  Ores  con- 
taining mica  are  of  course  imsuited  to  this  method. 

ELEGTBO8TATI0  PBOCE8SB8. 
PRINCIPLES  OF  SEPAAATION. 

I 

Molybdenite,  in  common  with  many  other  minerals,  such  as  chal- 
copyrite,  pyrite,  pyrrhotite,  and  galena,  is  a  good  conductor  of  elec- 
tricity as  compared  with  quartz,  feldspar,  and  most  other  silicates, 
calcite,  etc.,  which  are  poor  conductors.  Hence  it  may  be  separated 
from  a  majority  of  the  gangue  minerals  with  which  it  occurs  by 
electrostatic  processes.  The  principle  on  which  these  processes  are 
based  is  that  two  bodies  chained  with  dectricity  of  similar  sign  repel 
each  other,  but  when  charged  with  electricity  of  opposite  signs  they 
attract  each  other.  When  minerals  that  are  good  conductors  of 
electricity  come  in  contact  with  a  charged  body  or  an  electrical  field, 
they  almost  instantly  attain  an  electrical  equiUbrium  with  that  body 
or  field  and  are  repelled,  whereas  as  regards  poor  conductors  the 
time  necessary  for  equihbrium  to  be  reached  is  so  appreciable  that 
if  the  contact  is  of  short  duration  the  repelling  force  is  negligible. 
Further,  if  the  mixture  of  two  minerals  that  are  good  and  poor  con- 
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ductors — for  example,  molybdenite  and  quartz — ^is  charged  to  a  high 
potential  with  electricity  of  one  sign  and  placed  in  contact  with  a 
body  charged  with  electricity  of  opposite  sign,  the  mineral  that  is  a 
good  conductor  (molybdenite)  almost  instantly  assumes  the  charge 
of  the  body  with  which  it  is  in  contact,  and  is  repelled.  On  the  other 
hand,  the  mineral  that  is  a  poor  conductor  (quartz)  is  only  slowly 
affected  and  retains  its  own  charge  of  opposite  sign  for  an  apprecia- 
ble length  of  time,  and  in  consequence  is  attracted  to  the  body  with 
which  it  is  in  contact. 

RANGE  OF  APPLICATION. 

Theoretically  a  separation  can  be  effected  between  any  two  min- 
erals that  differ  in  degree  of  conductivity,  regardless  of  whether  they 
are  good  or  poor  conductors,  but  in  commercial  work  it  has  been 
impossible  to  make  a  separation  of  good  conductors,  as  there  is  prac- 
tically no  difference  in  the.  time  required  for  them  to  reach  an  elec- 
trical equilibrium.  Therefore,  although  molybdenite  may  be  sepa- 
rated from  quartz,  limestone,  porphyry,  granite,  etc.,  it  can  not  be 
separated  electrostatically  from  chalcopyrite,  pyrite,  pyrrhotite,  etc. 
The  table  following  lists  the  more  common  minerals  and  rocks  with 
which  molybdenite  occurs  and  shows  whether  they  are  good  or  poor 
conductors  of  electricity.  In  other  words,  the  table  indicates  whether 
the  mineral  mentioned  cai;!  or  can  not  be  separated  from  molybdenite 
by  electrostatic  means.  However,  it  does  this  in  only  a  general 
way,  as  many  minerals  of  varying  composition,  such  as  garnet  and 
sphalerite,  are  sometimes  conductors  and  sometimes  nonconductors. 
Accordingly  it  is  unsafe  to  predict  just  what  separations  may  be 
effected,  and  the  suitability  of  electrostatic  processes  for  the  treat- 
ment of  any  molybdenite  ore  can  be  positively  ascertained  only  by 
actual  tests. 

Minerals  and  rocks  associated  with  molybdenite,  showing  whether  they  are  good  or  poor 

conductors  of  electricity. 


Good  conductors. 

Poor  oonduotocB. 

Chalcopyiite. 

Quartz. 

Bomite. 

Feldspar. 

Chalcocite. 

Granite. 

Most  other  copper  minerals. 

Quartzite. 

Pyrite. 

Porphyry. 

Pyrrhotite. 

Gamet.a 

Magnetite. 

Most  silicates. 

• 

Most  other  iron  minerals. 

Calcite. 

Galena. 

Limestone. 

Hornblende. 

Sphalerite.^ 

Gamet.<» 

. 

Sphalerite.«^ 

o  Some  varieties  are  good  (onductors;  others  are  poor  conductors. 
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For  the  successful  application  of  electrostatic  methods  to  the  con- 
centration of  molybdenite  the  ore  must  be  one  in  which  the  indi- 
vidual particles  of  molybdenite  are  of  fair  size  and  in  which  the 
gangue  and  other  principal  associated  minerals  are  nonconductors. 
Ores  in  which  the  molybdenite  is  extremely  fine  to  ahnost  amorphous 
requires  fine  crushing  to  free  the  individual  grains  from  the  gangue. 
Such  crushing  is  not  desirable,  as  it  makes  dust  that  usually  inter- 
feres with  the  separation  and  also  lowers  the  capacity  of  the  sep- 
arators. Thus,  the  best  results  are  obtained  from  the  treatment  of 
coarse  material,  so  that  the  ores  that  are  best  suited  for  electrostatic 
separation  are  those  in  which  the  particles  of  molybdenite  are  flaky 
and  of  good  size,  and  in  which  the  gangue  is  clean  quartz,  granite,  etc. 

The  main  requisite  in  the  treatment  of  the  ore  is  that  it  be  per- 
fectly dry  and  warm.  The  necessity  of  removing  all  moisture 
can  not  be  emphasized  too  strongly,  as  its  presence,  even  in  small 
quantities,  in  quartz,  feldspar,  etc.,  make  these  minerals  conductors. 
Ore  as  coarse  as  6-mesh  and  as  fine  as  20()-mesh  may  be  treated  suc- 
cessfully, but,  as  already  stated,  the  best  results  are  usually  ob- 
tained with  coarse  material.  Close  sizing  of  the  ore  is  generally 
imnecessary,  but  it  is  apt  to  improve  results,  especially  in  the  treat- 
ment of  coarse  material.  Dust  in  the  ore  should  be  removed  by  a 
blower  or  other  device  before  the  ore  is  treated. 

DESCRIPTION  OF  SEPARATORS. 

The  electrostatic  separators  used  in  this  coimtry  are  of  two  main 
types.  One  of  them  consists  essentially  of  a  series  of  metal  rods 
or  electrodes  charged  to  a  high  potential  and  placed  one  above  the 
other  in  an  insulated  frame.  On  the  top  of  this  frame  is  a  hopper 
from  which  the  ore  is  fed  by  a  revolving  roll.  The  ore  falls  from  the 
roll  against  the  first  electrode,  and  good  conductors  that  come  in 
contact  with  it  are  repelled.  The  residue  is  thrown  against  the  second 
electrode  by  means  of  a  deflector,  and  more  mineral  particles  that 
are  good  conductors  are  thrown  out.  The  operation  is  repeated  any 
number  of  times  desired  simply  by  increasing  the  nmnber  of  charged 
rods  or  electrodes.  Generally  a  standard  separating  unit  of  this  type 
consists  of  a  ^'rougher"  and  two  ^'cleaners,''  each  having  six  elec- 
trodes. The  cleaners  are  placed  back  to  back  and  the  rougher  is 
placed  above  them  in  such  a  manner  that  the  concentrates  from  the 
rougher  fall  against  the  first  electrode  of  one  cleaner,  and  the  taD- 
ings  against  the  first  electrode  of  the  other  cleaner.  In  this  way  the 
rough  concentrates  and  tailings  are  re-treated  separately.  With  the 
exception  of  the  feed  roll  there  is  no  moving  part  in  the  unit,  and, 
consequently,  its  operation  is  extremely  simple,  and  the  cost  of 
upkeep  negligible.  High-voltage  electricity  for  charging  the  elec- 
trodes is  supplied  by  stepping  up  current  of  ordinary  voltage  by 
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means  of  a  rotary  transformer.  Thus  the  operation  of  the  separator 
is  independent  of  weather  conditions,  which  so  noticeably  affect  the 
operation  of  electrostatic  generators. 

The  other  type  of  separator  has  a  revolving  metal  electrode  onto 
which  ore  is  fed.  Opposite  and  adjacent  to  it  is  another  electrode 
consisting  of  a  row  of  sharp  metal  points.  The  first  electrode  is 
grounded,  and  the  second  is  connected  to  one  pole  of  an  electrostatic 
generator,  the  other  pole  of  which  is  grounded.  The  electricity 
delivered  to  the  pointed  electrode  is  discharged  by  convection  to  the 
grounded  electrode  and  is  dissipated  as  fast  as  received.  The  revo- 
lution of  the  grounded  electrode  carries  the  mineral  particles  through 
the  convective  discharge  and  results  in  their  receiving  a  charge. 
Good  conductors  immediately  lose  this  charge  to  the  grounded  elec- 
trode on  which  they  rest;  consequently  they  are  neither  attracted 
nor  repelled  by  the  electrode  but  simply  fall  olBF  of  it  as  it  revolves. 
On  the  other  hand,  mineral  particles  that  are  poor  conductors  accu- 
mulate a  charge  on  their  surfaces  nearest  the  pointed  electrode,  and 
on  account  of  their  nonconducting  character  they  are  polarized  and 
are  caused  to  adhere  to  the  revolving  electrode.  These  particles  are 
brushed  off  the  back  of  the  electrode  by  a  felt  roDer. 

Three  of  the  separating  units  described  above  are  generally  com- 
bined in  'one  machine  for  commercial  work  in  such  a  manner  as  to 
provide  for  three  successive  treatments  of  the  mineral  particles  that 
are  good  conductors.  In  the  separation  of  molybdenite  and  quartz, 
for  example,  a  rough  concentrate  would  be  made  on  the  first  unit  and 
it  would  be  further  cleaned  on  the  second  and  third  units. 

This  type  of  separator  is  open  to  the  objection  that  it  is  dependent 
on  electrostatic  generators  for  its  supply  of  electricity,  and  in  moist 
dixnates  or  wet  weather  these  give  much  trouble  in  their  operation. 

CONCENTRATION   TESTS. 

The  tests  described  below  were  made  on  molybdenite  ore  submitted 
by  the  Santa  Maria  Molybdenum  Mining  &  Milling  Co.,  of  San  Diego, 
Cal.  The  ore,  which  was  said  to  be  a  representative  sample  from  this 
company's  property  40  miles  east  of  that  city,  was  an  iron-stained 
granite  containing  about  0.5  per  cent  of  molybdenite  and  a  smaU 
quantity  of  pyrite.  The  molybdenite  occurred  in  radiating  masses 
from  the  size  of  a  pea  to  an  inch  or  more  in  diameter.  Microscopic 
examination  showed  that  the  granite  was  composed  of  quartz,  ortho- 
clase,  plagioclase  varying  from  albite  to  ohgoclase,  biotite,  and  a 
few  minor*  accessory  minerals.  This  ore  was  selected  for  these  tests 
as  in  a  general  way  it  was  typical  of  ores  from  a  large  number  of 
deposits. 
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On  account  of  the  low  grade  of  the  ore  it  would  be  necessary  to 
hand  pick  it  in  a  commercial  operation,  and  therefore,  previous  to 
crushing  for  electrostatic  separation,  a  hand-picking  test  was  made 
of  the  sample  submitted.  The  results  of  this  test  are  given  in  the 
following  table: 

Remits  o/handpidting  molybdenite  ore  from  the  Santa  Maria  Molybdenum  Mining  & 
Milling  Co.^s  property,  40,  milee  east  of  San  DiegOj  Cal. 


Item. 

Original 
ore. 

Sorted 
ore. 

Reject. 

W^iteht,  TM>nTMli<. . . 

313.02 
«.47+ 
1.488 

115.62 
1.15 
1.330 

89.38 

196.00 
.08 
.158 

Per  cent  MoSi 

Weight  MoSfl.  pounds. 

Extraction  MoSi,  per  cent. 

Loss  MbSi.  per  cent 

10.62 

o  Calculated. 


The  lot  of  ore,  which  weighed  approximately  313  pounds,  was 
cobbed  down  to  pieces  2  inches  in  maximum  diameter,  and  hand 
picked.  One  hundred  and  ninety-eight  pounds  of  the  material  was 
discarded  and  the  remaining  115  pounds  of  selected  ore  was  crushed 
in  a  laboratory-size  jaw  crusher  to  pass  a  10-mesh  screen.  The  dis- 
carded ore  was  also  crushed  through  a  10-mesh  screen,  and  both 
products  were  sampled  and  assayed.  They  contained  1.15  and  0.08 
per  cent  M0S3.  Th®  ratio  of  concentration  obtained  was  approxi- 
mately 1  to  3,  and  the  loss  of  molybdenite  in  the  discarded  material 
about  10  per  cent. 

For  the  electrostatic  tests  the  hand-picked  ore,  which  had  been 
crushed  through  a  10-mesh  screen,  was  screened  into  three  sizes — 
through  10-mesh  on  20-mesh,  through  20-mesh  on  60-mesh,  and 
through  60-mesh.  The  coarser  size  was  treated  on  a  Sutton,  Steele 
&  Steele  type  of  concentrator  and  the  two  finer  sizes  on  a  concen- 
trator of  the  HuflF  type.  The  results  of  these  tests  are  given  in  the 
following  table: 


Results  of  electrostatic-concentration  tests  of  hand-picked  molybdenite  ore  from  the 
Santa  Maria  Molybdenum  Mining  de  Milling  Co.'s  property,  40  miles  east  of 
San  Diego,  Cal. 

THROUGH  10-MESH  ON  20-MESH  SUTTON,  STEELE  &  STEELE  TYPE  CONCENTRATOR. 


Item. 


Weight,  pounds 

Per  cent  MoSs 

Weight  MoSf.  pounds 

Extraction  MoSt,  per  cent. 
Loss  MoSi,  per  cent 


Ore. 


30.35 

a  1.58 

.481 


Concen- 
trates. 


0.48 
87.17 

.418 
80.00 


Middlings. 


Tailings. 


20.87 
.21 
.063 


13.10 


a  Calculated. 
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Rendu  of  tlecirostatie-^ionceniraiion  tests  of  hand-mcked  Tnolyhdenite  ere  from  the 
Santa  Maria  Molybdenum  Mining  &  Milling  Co.^s  property ^  4o  miles  east  of 
San  Diego,  Cat. — Continued. 

THROUGH  20-MESH  ON  aO-ME8H  HUFF  TYPE  CONCENTRATOR. 


Itam. 


Ore. 


Weight,  pounds. 
Per  cent  MoSt. . 


Weight  MoSs,  pounds 

Extraction  MoBt,  per  cent . 
Loss  MoSt,  per  oent 


41.49 
a  1.26.-^ 
.5^ 


Concen- 
trates. 


a  52 
76.66 

76.29 


Middlings. 


0.10 
41.87 
.042 
8.03 


Tailings. 


40.87 
.20 
.082 


15.68 


THROUGH  60-MESH  HUFF  TYPE  CONCENTRATOR. 


Weight,  pgnnds 

Per  cent  HoSt 

Weight  MoSt.  TOunds 

Extraction  MoBt,  per  cent. 
Loss  MoSi,  per  cent 


37.18 
a. 94+ 
.350 


0.36 
46.78 
.168 
48.00 


0.45 
23.63 
.106 
30.29 


36.37 
.21 
.076 


2L71 


SUMMARY. 


Total  weigSit,  pounds 

Total  weight  MoSs,  pounds . 

Percent  KoSs....: 

Extraction  MoSt,  per  cent. . 
Loss  MoSs,  per  cent 


109.02 
1.354 
«1.24+ 


1.36 
.985 
OT2.42+ 
72.75 


0.55 
.148 
026.90+ 
10.93 


107.11 
.221 
«.20+ 


16.32 


a  Calculated. 

It  will  be  noted  that  with  the  coarser  material  a  concentrate  con- 
taining 87.17  per  cent  MoS,  was  made,  and  that  the  recovery  in  these 
concentrates  was  86.9  per  cent.  The  concentrates  from  the  next  size 
contained  76.66  per  cent  MoS,,  and  accomited  for  76.29  per  cent  of 
the  molybdenite  in  the  feed.  However,  a  middling  product  contain- 
ing 41.87  per  cent  MoS,  was  made,  which  increased  the  total  extrac- 
tion on  this  size  of  material  to  84.32  per  cent.  The  fine  ore  yielded 
concentrates  and  middlings  that  assayed  46.78  per  cent  and  23.63 
per  cent  MoSa,  ^^^^  accotmted  for  an  extraction  of  78.29  per  cent. 
It  will  be  noted  that  the  best  work  was  done  on  the  coarse  material, 
both  as  r^ards  recovery  and  grade  of  concentrates. 

A  sunmiation  of  the  three  tests  shows  that  the  average  grade  of  the 
products  made  was  as  follows:  Concentrates,  72.42  per  cent;  mid- 
dlings, 26.9  per  cent;  and  tailings,  0.20  per  cent  MoSj.  The  total 
recoveiy  on  the  concentrates  and  middlings  was  83.68  percent.  The 
results  obtained  were  satisfactory  when  it  is  considered  that  the  ore 
treated  contained  pyrite,  which  of  necessity  was  concentrated  with 
the  molybdenite. 

BUOOESTED  METHOD   FOR  TREATMENT   OF  A  TYPICAL  ORE. 

For  ores  of  the  samegeneral  type  as  that  mentioned  above — that  is, 
ores  in  which  the  individual  particles  of  molybdenite  are  flaky  and 
of  fair  size  and  the  gangue  is  clean  quartz,  granite,  or  other  non- 
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conductor — the  following  general  outline  of  the  proper  method  of 
treatment  is  suggested : 

The  original  ore^  or  selected  ore,  if  hand  picking  is  advisable, 
should  be  crushed  in  a  jaw  or  gyratory  crusher  to  about  one-half 
inch  to  1-inch  size  and  the  product  crudied  in  rolls  to  pass  a  6-mesh 
screen.  This  material  should  then  be  treated  in  a  direct-heat  rotary 
drier  until  all  moisture  has  been  removed,  and  screened  to  sizes  ap- 
proximately as  foUows:  Through  6-mesh  on  12-mesh;  through  12-mesh 
on  20-mesh;  through  20-mesh  on  40  or  60  mesh;  through  40  or 
60  mesh.  If  much  dust  is  present  in  the  finest  size  of  mate- 
rial, its  removal  with  some  sort  of  blower  or  other  device  previous 
to  electrostatic  treatment  will  probably  be  advantageous.  Each 
size  of  the  dried  material  should  be  treated  separately  on  whatever 
type  of  electrostatic  concentrator  has  been  selected.  The  best 
method  of  operating  these  separators  depends,  of  course,  on  their 
type,  and  also  on  the  character  of  the  ore  being  treated.  In  the 
author's  opinion  it  is  generally  advantageous  to  operate  the  con- 
centrators so  as  to  obtain  as  clean  tailings  as  possible.  In  this  way 
the  bulk  of  the  material  is  eliminated  at  once,  and  the  re-treatment 
of  the  concentrates  and  of  the  middling  product  takes  much  less  time 
than  that  required  in  re-treating  the  original  tailings.  This  method 
of  operation  will  generally  yield  a  better  grade  of  concentrates  and  a 
higher  recovery  than  any  other.  Also,  the  grading  of  the  concen- 
trates and  middlings  so  as  to  obtain  the  best  prices  for  the  combined 
products  can  be  more  readily  accomplished  by  this  method.  In 
some  instances  the  middling  products  from  the  treatment  of  the 
coarser  sizes  of  ore  consist  largely  of  particles  of  gangue  with  included 
grains  of  molybdenite.  Under  such  conditions,  the  middlings 
should  be  crushed,  sized,  and  re-treated. 

To  the  author's  knowledge,  there  are  no  plants  that  are  treating 
molybdenite  ore  commercially  by  electrostatic  methods;  hence, 
figures  as  to  costs  of  operation  are  tmavailable.  It  seems  reasonable 
to  infer,  however,  that  they  would  be  only  slightly  different  from 
those  for  treating  zinc  or  other  ores  to  which  electrostatic  methods 
have  been  successfully  applied.  The  costs  of  drying  and  separating 
zinc-iron  concentrates  by  electrostatic  methods,  including  only 
operating  costs,  do  not  usually  exceed  $1  per  ton  of  material  treated; 
and  the  total  costs,  including  operation,  royalty,  taxes,  and  all  other 
overhead  expenses,  such  as  interest  on  investment  and  amortization 
charges,  usually  range  from  $2.50  to  $3.50  per  ton.  The  costs  of 
treating  molybdenite  ore  would  probably  be  slightly  in  excess  of 
these  figures,  as  the  capacity  of  the  separators  would,  no  doubt,  be 
less  than  when  operating  on  zinc-iron  concentrates,  where  the  weight 
of  concentrates  and  tailings  produced  is  more  nearly  equal  than  it 
would  be  with  the  usual  molybdenite  ores.  Drying  of  the  molyb- 
denite ore  would  probably  cost  10  to  20  cents  per  ton,  depending  on 


CONCENTEATION    OF   MOLYBDENITE   ORES.  101 

the  size  and  type  of  drier  used,  the  cost  of  fuel  and  labor,  and  the 
percentage  of  moisture  in  the  ore. 

If  the  electrostatic  separators  were  so  arranged  that  the  products 
could  be  taken  care  of  automatically,  one  man  could  tend  8  to  10 
concentrators.  The  other  labor  required  for  operating  a  mill  capable 
of  treating  50  tons  of  crude  ore  per  day  would  probably  not  exceed 
four  or  five  men  per  shift,  and  no  high-priced  labor  would  need  to  be 
employed  on  account  of  the  simplicity  of  the  process. 

The  author  is  confident  that  electrostatic  processes  will  yield  good 
results  with  all  molybdenite  ores  to  which  they  are  smted  and  to 
which  they  are  intelligently  applied,  and  they  are  of  particular  value 
for  treating  ore  that  con  not  be  treated  by  flotation  methods  on 
account  of  the  absence  of  requisite  water  supplies. 

FLOTATION  PBOCESSES. 

Molybdenite  has  the  property,  conunon  in  varying  degree  to  most 
metallic  sulphides,  such  as  chalcopyrite,  sphalerite,  galena,  pyrite,  and 
pyrrhotite,  of  not  being  wetted  readily  by  water,  and,  when  dry  and 
in  small  particles,  of  floating  on  a  water  surface.  Moreover,  like 
those  sulphides,  it  is  easily  wetted  by  most  oils.  Further,  in  a  pulp 
of  crushed  ore  and  water,  oils  have  a  preferential  wetting  action  for 
particles  of  molybdenite  as  against  particles  of  gangue  minerals  such 
as  quartz,  and  this  selective  wetting  action  is  decidedly  increased  if 
the  water  is  slightly  acidified.  Particles  of  molybdenite  so  wetted 
with  oil  are  covered  with  a  buoyant  water-repelling  coating  that 
materially  assists  their  flotation.  As  the  reasons  for  many  of  these 
phenomena — ^for  example,  the  selective  wetting  action  of  oils  and  the 
increase  of  this  selective  action  by  acids — are  not  clearly  understood, 
and  as  even  an  elementary  discussion  of  the  accepted  theories  of 
mineral  flotation  would  be  out  of  place  here,  the  reader  who  wishes 
further  information  on  the  subject  is  referred  to  a  clear  and  concise 
exposition  by  Hoover**  and  to  an  excellent  paper  by  Mickle.*  It 
suffices  here  to  say  that  the  phenomena  mentioned  above  are  the 
basis  on  which  all  flotation  processes  depend.  In  many  processes 
the  area  of  the  effective  surface  of  flotation  is  increased  by  the  liber- 
ation of  bubbles  of  gas  or  air  in  the  liquid,  the  surface  of  each  bubble 
acting  in  the  same  way  as  the  horizontal  stirfaoe  of  a  Uquid  at  rest. 
These  bubbles  may  be  of  air  and  may  be  produced  by  violent  agita- 
tion of  the  pulp  or  by  release  of  air  from  solution  in  the  hquid  by  a 
reduction  of  pressure,  or  they  may  be  of  carbonic-acid  gas  formed 
by  the  action  of  sulphuric  acid  on  limestone  or  other  carbonates  or 
by  other  means; 

o  Hoover,  T.  J.,  Conoflntratlng  ores  by  flotation,  1912, 221  pp. 

6  Kickle,  E.  A.,  Flotation  of  minerals:  Proc.  Royal  Soc.  Victoria,  vol.  23,  pt.  2,  1911,  pp.  55&-58a, 
abstracted  by  Eng.  and  Min.  Jour.,  vol.  92, 1911,  pp.  307-310,  and  vol.  94, 1912,  pp.  71-76. 
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wateb-flotation  pboclesses. 


CHARACTER  OP  WATER  FLOTATION. 


Water  flotation  for  the  concentration  of  molybdenite  depends 
solely  on  the  fact  that  small  dry  particles  of  the  mineral  float  readily 
on  water^  whereas  the  nsual  gangue  material  is  easily  wetted  and 
sinks.  They  do  not  of  necessity  involve  the  use  of  oil,  acid,  or  gas, 
and  their  application  is  extremely  simple.  The  concentrators,  which 
are  of  various  types,  consist  essentially  of  a  device  for  feeding  the 
crushed  ore  in  as  thin  a  sheet  and  at  as  imiform  a  rate  as  possible 
onto  a  moving  water  surface  in  a  tank  and  an  arrangement,  either 
by  an  overflow  or  a  revolving  belt  of  canvas  or  other  suitable  material, 
for  discharging  the  floating  film  of  concentrates  into  another  tank. 
The  tailings  are  usually  drawn  off  from  a  spigot  in  the  bottom  of  the 
first  tank.  In  some  types  of  apparatus  the  ore  from  the  feeder  is 
allowed  to  slide  down  an  inclined  plane  or  concave,  over  which  a  film 
of  water  is  passed  and  from  which  the  ore  is  discharged  approxi- 
mately in  the  plane  of  the  water  surface  in  the  tank.  In  other  appa- 
ratus the  ore  from  the  feeder  falls  on  top  of  an  almost  submerged 
corrugated  or  canvas  roller,  the  revolution  of  which  carries  the  ore 
forward  to  the  flotation  surface.  The  object  of  all  these  devices  is 
to  place  the  ore  on  the  water  in  a  sheet  only  one  mineral  particle  in 
depth  with  as  Uttle  disturbance  of  the  water  surface  as  possible  and 
with  the  majority  of  the  particles  of  gangue  already  wetted. 

Even  with  the  best  of  feeding  devices  some  particles  of  gangue  fall 
on  the  floating  film  of  concentrates  or  are  otherwise  mechanically 
entrained  by  it.  Various  methods  of  cleaning  the  film,  such  as 
allowing  it  to  flow  down  an  incline  into  a  second  tank,  picking  it  up 
on  a  roller  or  belt  and  again  discharging  it  to  a  dotation  surface  and 
dividing  it  into  a  large  number  of  parts  and  agitating  it  by  causing 
it  to  flow  through  the  teeth  of  a  comblike  obstruction,  are  used. 

No  description  of  any  particular  water-flotation  concentrator  is 
attempted  here,  as  detailed  information  both  as  to  the  design  and 
the  operation  of  a  number  of  different  types  of  machines  is  given  in 
the  references  cited  below.^ 

NECESSARY  FACTORS  IN   SUCCESSFUL  WATER  FLOTATION, 

To  be  concentrated  successfully  by  water  flotation,  a  molybdenite 
ore  should  be  such  as  to  require  only  medium-fine  crushing  to  liberate 
the  molybdenite,  and  the  gangue  should  be  one  in  which  the  individual 
particles  are  readily  wetted.  Fmiher,  if  a  high-grade  concentrate 
is  to  be  obtained  the  ore  must  be  practicaDy  free  from  other  sulphides 

a  Wood,  H.  E.,  The  Wood  flotation  process:  Trans.  Am.  Inst.  Mln.  Eng.,Yol.  44,  1912,  pp.  684-701; 
Concentration  of  molybdenite  ores:  £ng.  and  Mln.  Jour.,  vol.  93, 1912,  pp.  227-228. 
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such  as  pyrite,  pyrrhotite,  and  chalcopyrite,  which  would  be  con- 
centrated with  the  molybdenite.  Proper  treatment  of  the  ore 
previous  to  flotation  is  of  great  importance.  It  should  be  reduced  to 
approximately  10-mesh,  or  as  much  finer  as  may  be  necessary  to 
Uberate  the  mineral  from  the  gangue,  by  crushing  in  rolls  in  such  a 
manner  as  to  make  the  quantity  of  fines  as  small  as  possible.  Then 
if  it  is  at  all  damp  it  should  be  thoroughly  dried.  Mechanical  diffi- 
culties in  the  proper  feeding  of  fine  ore,  and  the  great  reduction  in 
the  capacity  of  the  concentrators  when  fine  material  is  treated  exclu- 
sively, render  advantageous  in  most  instances  the  treating  of  the 
ore  without  sizing,  although  the  capacity  of  the  concentrators  and 
the  grade  of  concentrates  made  are  considerably  increased  when 
coarse  material  that  has  been  sized  is  treated. 

The  capacity  of  water-flotation  machines  varies  with  their  type 
and  with  the  character  of  the  ore  treated,  and  depends  directly  on  the 
size  to  which  the  ore  is  crushed,  the  amount  of  fines  made,  the  nature 
of  the  gangue,  and  the  ratio  of  concentrates  to  tailings.  In  speaking 
of  a  particular  type  of  concentrator.  Wood  **  says: 

A  standacd  machine  treating  a  20-me8h  quartz  ore^  using  a  3-foot  width  of  feed  and 
having  a  4-foot  take-off  belt,  will  vary  in  capacity  from  1,000  to  2,000  pounds  per 
hour,  unless  the  ratio  of  concentration  is  low,  in  which  case  the  capacity  will  be 
smaller.  Some  ores  that  possess  an  easily  wetted  gangue  and  call  for  a  high  con- 
centration ratio  can  be  fed  rapidly  at  20-mesh,  30-mesh,  or  40-mesh.  For  instance, 
a  1  or  2  per  cent  molybdenite  ore  in  a  quartz  gangiie  will  give  a  clean  concentrate, 
even  if  the  ore  is  fed  several  times  faster  than  an  ordinary  sulphide  ore. 

The  writer  thinks  that  the  capacities  stated  above  could  be  had 
only  at  a  sacrifice  of  either  the  recovery  or  the  grade  of  concentrates 
obtained,  and  that  a  machine  with  a  feed  3  feet  wide,  handling  300 
to  500  pounds  per  hour  of  ore  crushed  to  pass  a  20-mesh  screen  would 
be  treating  about  the  maximum  quantity  of  material  that  it  could 
separate  efficiently.  No  figures  as  to  cost  of  operation  can  be  given, 
but  they  are  presumably  small  as  the  concentrators  require  only 
moderate  quantities  of  water  and  little  power. 

RESULTS  OF  TESTa  WTTH  WOOD's  PBOCESS. 

The  acoompanying  table  shows  the  residts  obtained  by  Wood  in 
10  concentration  tests  of  five  different  molybdenite  ores.  In  every 
test  except  the  last,  in  which  the  ore  had  been  slightly  roasted,  the 
recoveries  were  good,  averaging  nearly  90  per  cent.  In  general, 
however,  the  grade  of  concentrates  was  low  to  medium,  averaging 
less  than  60  per  cent  MoS,.  Test  No.  3  is  of  special  interest  as  it 
shows  the  results  obtained  by  flotation  of  the  same  ore  on  water  at 
different  temperatures.    The  decided  improvement  in  the  grade  of 

a  Wood,  H.  E.y  Tho  Wood  flotatioa  prooess:  Trans.  Am.  last.  Mfn.  Eng.,  vol.  a,  1912,  p.  603. 
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concentrates  by  using  warm  water  may  be  attributed  to  the  decreased 
surface  tension  of  the  liquid  aUowing  some  particles  of  gangue  to 
sink  more  readily.  The  recovery  with  warm  water  is,  however, 
remarkable  and  can  be  accounted  for  only  by  someifactor,  such  as 
a  difference  in  the  rate  of  feed,  that  would  make  the  tests  not  strictly 
comparable.  Detailed  information  as  to  the  tests  is  given  by 
Wood.**  A  summary  of  the  data  obtained  by  Wood  is  given  in  a 
table  which  is  presented  below: 

Results  of  concentration  tests  of  molybdenite  ores  by  Wood  flotation  process. 


! 


Test 
No. 

Slsdoffeed. 

« 

Per  cent  MoSf 

Recov- 
ery, per 
cent. 

In  feed. 

Inoon- 
oentratea. 

RemarkB. 

1 

2 
3 

Through  40-mmh.. 
Through  20-meah.. 

2.06 

2.00 
1.87 

6.66 
6.73 
6.66 
8.95 
8.65 

41.38 

61.55 

45.31(a) 

56.70(6) 

63.50 

67.42 

65.50 

74.60 

30.00(a) 

81.45(6) 

99.00 

92.27 

79.06(a) 

89.17(6) 

96.34 

86.26 

86.48 

94.19 

79.00(0) 

26.30(6) 

Colorado  ore.    Retreatment  would  materially 
hicrease  the  grade  of  oonoeatrates  with  little 
loss. 

Canadian  ore  with  a  quarts  and  mica  {sngue. 

(a)  was  obtained  with  water  at  56*  r.  and 

(6)  with  water  at  110*  F. 
Foreign  ore. 

Alaskan  ore  containing  pynhotite  and  mag- 
netite, and  low  in  silica,    (a)  was  obtained 
with  raw  ore,and  (6)  with  sligbtly  roasted  ore. 

4 
5 

Through  20-me8h.. 
Through  30-mesh.. 
Through  40-mesh.. 
Through  40-mesh.. 
Through  40-inesh.. 

In  order  to  obtain  data  as  to  concentration  of  a  molybdenite  ore 
containing  copper  sulphides  by  this  process  a  small-scale  test  was 
made  of  a  sample  of  ore  from  the  Whale  claim,  in  Copper  Canyon, 
near  CopperviUe,  Ariz.  The  ore  consisted  of  a  clean  white  quartz 
containing  about  7  per  cent  of  molybdenite  and  2  per  cent  of  copper, 
present  largely  as  chalcopyrite.* 

After  the  ore  had  been  dried  and  then  crushed  in  a  ball  mill  to  pass 
a  40-mesh  screen,  it  was  concentrated  on  a  laboratory-size  flota- 
tion machine  of  the  Wood  type.  The  concentrator  was  so  arranged 
that  the  floating  film  of  concentrates  picked  up  by  the  take-off  belt 
was  discharged  to  a  second  flotation  surface  from  which  it  was  allowed 
to  rtm  into  a  concentrate  tank.  The  material  that  sank  in  the  second 
flotation  tank  was  considered  middlings.  The  ore  and  water  feeds 
to  the  machine  were  adjusted  with  the  idea  of  causing  as  much  chal- 
copyrite  as  possible  to  sink.  The  results  of  the  test  are  given  in  the 
accompanying  table. 

a  Wood,  H.  E.,  The  Wood  flotation  process:  Trans.  Am.  Inst.  Mln.  Eng.,  vol.  44, 1912,  pp.  684-701. 
b  For  a  detailed  description  of  this  ore  see  p.  52. 
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RemUs  of  water-flotation  test  with  concentrator  of  the  Wood  type  of  molyhdenite-chalcopy- 

rite  ore  from  the  Whale  claims  near  Copperville,  Ariz, 


Item. 


Weight,  nams 

PeroeatMoSs. 

Per  cent  Gu 

Weight  if  081,  grams 

Weight  Ca,  grams 

Extraction  mo8i^  per  oent. . 

Extractfon  Cu,  per  cent 

Loss  MoSi,  percent 

Loss  CUy  per  cent 


Ore. 


4,000.00 
b  7. 10+ 
bl.03+ 
284.26 
77.22 


Concen- 
trates. 


538.00 

47.44 

5.26 

256.23 
28.30 
89.79 
36.65 


MIddlinsB. 


107.00 
6.74 
5.90 
7.21 
6.31 
2.54 
8.17 


Tailings. 


a  3,355. 00 

.65 

1.27 

21.81 

42.61 


7.67 
55.18 


a  467  grams  of  material  lost  in  the  overflow  was  assumed  to  assay  the  same  as  the  2,888  grams  of  taHingp 
recovered. 
»  Calcalated. 

The  great  difference  between  the  percentage  of  recovery  of  molyb- 
denite and  of  chalcopyrite  is  of  particular  interest.  As  compared 
with  the  feed,  the  concentrates  contained  approximately  seven  times 
the  percentage  of  M0S2  ^^^  ^^^  ^l^^-ii  three  times  the  percentage  of 
copper,  and  the  recovery  in  the  concentrates  was  89.79  per  cent  of 
the  molybdenite,  ms  compared  with  only  36.65  per  cent  of  the  copper. 
Inasmuch  as  the  crushed  ore  had  stood  only  a  short  time  before  treat- 
ment, so  that  the  particles  of  chalcopyrite  had  little  opportimity  to 
oxidize,  which  would  cause  them  to  be  more  readily  wetted,  the 
author  considers  the  widely  different  results  obtained  in  the  con- 
centration of  the  two  minerals  to  be  remarkable. 

It  is  of  interest  to  note  that  a  water-flotation  process  for  the  con- 
centration of  molybdenite  ore  is  being  used  at  present  on  a  com- 
mercial scale  by  Henry  E.  Wood  &  Co.,  of  Denver,  Colo. 

Methods  of  treating  both  the  original  ore  and  the  concentrates 
to  remove  pyrite,  chalcopyrite,  pyrrhotite,  *  and  other  metallic  sul- 
phides and  such  ingredients  as  mica  that  are  likely  to  float  with  the 
molybdenite  are  discussed  later. 

OIL-FIX)TATION   PROCESSES. 

Many  of  the  principal  processes  of  concentration  by  oil  flotation 
are  described  in  detail  by  Hoover**  and  in  numerous  articles  that 
have  recently  appeared  in  the  mining  press.  Pubhshed  data  giving 
the  results  obtained  by  the  application  of  these  processes  to  molyb- 
denite ores  are  extremely  meager,  and  are  practically  confined  to  the 
results  of  treatment  by  the  Elmore  vacuum  flotation  system.  As 
the  Bureau  of  Mines  at  present  has  no  equipment  at  its  disposal  for 
conducting  tests  of  the  various  flotation  processes,  the  concentration 
of  molybdenite  by  these  methods  mast,  of  necessity,  be  discussed 
here  in  only  a  general  way. 


a  Hoover,  T.  J.,  Concentrating  ores  by  flotation,  1912, 221  pp. 
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Broadly  speaking,  oil  flotation  probably  oflFers  the  best  method  of 
treating  molybdenite  ores  in  general,  and  those  particular  processes 
that  have  been  successfully  applied  in  concentrating  ores  of  the  other 
metallic  sulphides  would,  without  doubt,  meet  with  equal  sucoess  in 
the  treatment  of  molybdenite.  The  above  statement  does  not  mean 
that  all  molybdenite  ores  can  be  successfully  concentrated  by  oil 
flotation,  for  the  physical  characteristics  and  mineralogical  compo- 
sition of  an  ore  are  as  important  factors  in  determining  the  suc<5ess  of 
any  oil-flotation  process  as  of  electrostatic  or  water-flotation  methods. 
The  ores  be^t  suited  for  treatment  by  oil  flotation  are  those  in  which 
the  molybdenite  is  flaky.  From  ores  in  which  the  mineral  is  so  fine 
as  to  be  almost  amorphous  and  the  gangue  contains  a  considerable 
proportion  of  soft  material^  such  as  kaolinized  feldspar,  it  is  almost 
impossible  to  obtain  a  good  grade  of  concentrates  because  of  the  flota- 
tion of  some  of  the  finer  particles  of  gangue.  Of  course,  if  molyb- 
denite is  associated  with  other  metallic  sulphides,  such  as  chalcopy- 
rite,  pyrite,  or  pyrrhotitie,  these  are  concentrated  too,  and  must 
either  be  removed  from  the  ore,  by  a  preliminary  trpatment,  or  from 
the  concentrate  if  a  high-grade  product  is  desired.  Methods  that 
may  be  employed  for  this  purpose  are  discussed  later.  Ores  con- 
taining magnetite,  hematite,  gamet,  hornblende,  or  similar  gangue 
minerals  that  are  good  conductors  of  electricity,-  and  therefore  are 
not  adapted  for  concentration  by  electrostatic  methods,  are  especially 
suited  for  treatment  by  flotation. 

Laboratory  experiments  indicate  that  in  general  the  particles  of 
molybdenite  that  can  be  floated  are  much  coarser  than  those  of  other 
metallic  sulphides,  and  if  finer  crushing  is  not  necessary  for  the 
Uberation  of  the  molybdenite  from  the  gangue,  material  as  coarse  as 
20  mesh  may  be  successfully  concentrated.  On  the  other  hand,  there 
is  every  reason  to  beheve  that  a  good  recovery  and  a  fair  grade  of 
concentrates  can  be  obtained  from  the  treatment  of  molybdenite 
through  200  mesh  because  galena  and  sphalerite  of  similar  fineness 
have  been  successfully  treated  by  oil  flotation.  In  general,  there- 
fore, oil-flotation  processes  are  applicable  to  a  wider  range  of  sizes 
than  are  electrostatic  or  water-flotation  methods,  and  many  of  them 
have  the  added  advantage  of  large  capacities  from  small  units.  For 
example.  Hoover  estimates  that  in  one  type  of  apparatus  used  in  the 
minerals-separation  process  a  unit  consisting  of  six  mixing  boxes  each 
only  16  inches  wide  and  36  inches  deep  will  have  a  daily  capacity  of 
50  to  60  tons  of  ore,**  presumably  Broken  Hill  lead-zinc  tailings,  and 
a  5-foot  Elmore  machine  will  ordinarily  treat  from  25  to  45  tons  of 
crude  ore  in  24  hours.^  Capacities  equal  to  and  perhaps  even  greater 
than  these  could  probably  be  obtained  in  the  treatment  of  molyb- 
denite ores  by  the  same  units,  but  no  definite  data  either  as  to  capaci- 

« Hoover,  T.  J.,  Concentrating  ores  by  flotation,  1912,  p.  120.  b  Hoover,  T.  J.,  op.  dt.,  p.  101. 
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ties  or  as  to  costs  of  any  oil-flotation  process  when  applied  to  molyb- 
denite ore  have,  to  the  author's  knowledge,  been  made  public.  In 
fact,  owing  to  the  policy  of  secrecy  adopted  by  most  companies 
interested  in  the  development  of  oil-flotation  methods,,  little  infor- 
mation is  available  regarding  the  economics  of  the  various  processes, 
even  as  more  commonly  appUed  to  the  concentration  of  the  sulphides 
of  copper,  lead,  and  zinc.  However,  comprehensive  data  with  regard 
to  the  costs  of  treating  Broken  Hill  lead-zinc  tailings  by  four  well- 
known  processes,  namely,  the  Potter-Delprat,  De  Bavay,  Elmore, 
and  minerals  separation,  are  given  by  Hoover.**  His  estimates  of 
3s.  6d.  ($0.85)  per  ton  as  the  average  cost  of  flotation  and  9s.  3d. 
($2.25)  per  ton  as  the  average  total  cost  of  re-treating  these  tailings 
on  a  laj^e  scale  form  a  poor  basis  on  which  to  estimate  the  cost  of 
treating  molybdenite  ores  by  the  same  processes  in  small  plants  such 
as  might  be  installed  at  mines  producing  50  or  100  tons  of  ore  a  day. 
It  is  safe  to  say,  however,  that  the  costs  of  small-scale  concentration 
of  molybdenite  ores  would  be  considerably  higher  than  those  given 
above. 

RBSULT8  WITH  ELMORE  VACUUM  FLOTATION. 

The  following  table  shows  the  results  obtained  in  concentration 
tests  of  two  molybdenite  ores  by  the  Elmore  vacuum-flotation  sys- 
tem. It  will  be  noted  that  in  the  first  test,  in  which  the  gangue  was 
largely  feldspar,  the  percentage  recovery  was  high  and  the  concen- 
trate obtained  was  only  medium  grade,  probably  because  of  the 
flotation  of  some  of  the  finer  particles  of  hght  feldspar.  In  the  second 
test,  in  which  the  gangue  was  relatively  heavy,  chiefly  magnetite 
and  garnet,  both  the  grade  of  concentrates  and  the  recovery  obtained 
were  materially  better. 

Concentration  tests  on  molybdenite  ore  by  the  Elmore  vacuum-flotation  process.O' 


Per  cent  MoS*. 

Recovery, 
percent. 

In  ore. 

In 
taflingfl. 

In  con- 
centrates. 

Remarks. 

5.67 
3.83 

Q.42 
.10 

08.00 
85.95 

93.2 
98.1 

Gangue  principally  feldspar . 

Gangue  principally  magnetite  and  garnet. 

a  Converted  from  figuree  given  by  A.  S.  Elmore,  Vacuum  flotation  process  for  concentration:  Eng.  and 
Kin.  Jour.,  vol.  83, 1907,  pp.  908, 909. 

It  is  reported  that  the  Elmore  process  is  being  used  for  treating 
molybdenite  at  two  mines  in  Norway  and  that  large  quantities  of 
concentrates  have  already  been  shipped.^  The  writer  believes  that 
these  plants  are  as  yet  the  only  ones  in  which  any  type  of  oil  concen- 

aHoorer,  T.  J.,  op.  dt.,  pp.  164-166. 

ft  Molybdienum  recovery  by  Elmore  process:  Eng.  and  Min.  Jour.,  vol.  99, 1915,  p.  907. 
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tration  has  been  attempted  for  concentrating  molybdenite  on  a  com- 
mercial basis. 

The  results  of  several  large-scale  concentration  tests  by  the  Ore 
Concentration  Co.  (Ltd.),  of  London,  of  four  different  lots  of  molyb- 
denite ore  by  the  Elmore  process  are  given  in  the  accompanying  table. 
The  results  of  these  tests,  which  were  made  with  ore  crushed  through 
30  mesh,  compare  favorably  with  those  given  in  the  preceding  table 
and  indicate  in  general  what  might  be  expected  in  the  treatment  of 
any  molybdenite  ore  to  which  the  process  is  adapted. 

CoTicentration  tests  of  molybdenite  ore  by  the  Elmore  vacuumrfloUUion  process/^ 


Weight  of 

ore  treated, 

tons. 

Percent 

MoSsJnoon- 

oentrates. 

Recovery, 
percent. 

32.0 

32.0 

37.0 

3.5 

85.68 
86.30 
84.25 
83.00 

91.5 
94.5 
89.7 
90.0 

104.5 

84.80 

91.7 

a  Molybdenum  recovery  by  Elmore  process:  Eng.  and  Min.  Jour.,  vol.  99, 1915,  p.  907. 
REMOVAL  OF  ACCOMPANYING  METALLIC   STJLFHIDES. 

When  other  metallic  sulphides,  such  as  chalcopyrite,  pyrite,  or 
pyrrhotite,  accompany  molybdenite  they  are  concentrated  with  the 
latter  mineral  by  both  electrostatic  and  flotation  methods.  The 
presence  of  pyrite  or  pyrrhotite  in  the  concentrates  is  undesirable 
only  in  that  it  lowers  the  grade  of  the  product,  but  chalcopyrite, 
bomite,  or  other  copper  sulphides  are  objectionable  in  that  if  the 
concentrates  contain  more  than  1  or  2  per  cent  of  copper  they  are 
practically  unsalable,  and  even  small  percentages  of  copper  greatly 
lower  their  value. 

Various  methods  have  been  suggested  for  removing  the  other  sul- 
phides either  before  or  after  the  concentration  of  the  molybdenite. 
Most  of  these  methods  depend  on  the  ore  or  concentrates  being  lightly 
roasted.  In  this  way  the  larger  part  of  the  pyrite  and  chalcopyrite 
are  rendered  magnetic  and  may  be  removed  by  means  of  a  magnetic 
separator,  or,  through  the  formation  of  a  coating  of  oxide  on  the  sur- 
face of  each  particle,  the  pyrite  and  chalcopyrite  in  the  ore  are 
readily  wetted  and  sink  if  the  material  is  subjected  to  flotation.  It  is 
at  once  evident  that  these  new  properties  imparted  to  the  pyrite  and 
chalcopyrite  by  roasting  can  be  taken  advantage  of  either  separately 
or  in  a  combination  of  processes.  In  the  writer's  opinion  it  is  cheaper 
and  more  effective  as  regards  ultimate  recovery  of  molybdenite  to 
remove  the  other  sulphides  after  concentration  rather  than  before. 
No  matter  how  carefully  conditions  of  roasting  are  controlled  some 
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of  the  molybdenite  will  be  partly  converted  to  oxide  on  the  surface 
of  the  individual  grains,  and  this  coating  will  entail  some  loss  of  the 
molybdenite  whether  the  material  is  treated  by  flotation  or  on  an 
electrostatic  separator.  So  far  as  recovery  of  the  molybdenite  is  con- 
cerned it  is,  therefore,  advisable  to  roast  the  combined  concentrates 
and  remove  the  oxidized  pyrite  and  chalcopyrite  by  magnetic  separa- 
tion. 

On  the  other  hand,  even  with  the  most  caref  uUy  regulated  roasting, 
all  the  pyrite  and  chalcopyrite  do  not  become  magnetic.  If  the  non- 
magnetic product  from  the  magnetic  separator  contains  an  appreciable 
amount  of  copper  its  retreatment  by  flotation  may  be  advisable  in 
order  to  further  rid  the  molybdenite  from  grains  of  chalcopyrite  and 
pyrite  which,  although  nonmagnetic,  are  covered  with  a  film  of  oxide 
that  will  cause  them  to  become  wet  and  to  sink.  In  other  cases  it 
may  be  advisable  to  dispense  entirely  with  magnetic  separation  and  to 
treat  the  lightly  roasted  concentrate  directly  by  flotation. 

A  method  for  separating  chalcopyrite,  which  takes  advantage  of 
the  oxidation  of  the  smf  ace  of  the  particles  at  ordinary  temiperatures, 
is  suggested  by  a  correspondent  of  the  Engineering  and  Mining  Journal. 
In  regard  to  a  molybdenite  ore  containing  chalcopyrite,  he  states  that: 
"After  grinding  the  ore  to  40  mesh,  it  was  dampened  and  dried. 
Under  these  conditions  90  per  cent  of  the  MoS^  will  float,  and  practi- 
cally every  particle  of  the  chalcopyrite  sinks.  This  furnishes  a 
cheaper  method  than  to  roast  the  mixed  flotation  concentrates  with 
the  intention  of  removing  the  copper  ore  magnetically."'* 

Wood  suggests  treating  the  combined  concentrates  on  the  ordinary 
type  of  wet  concentrating  table  with  the  idea  of  separating  the  molyb- 
denite in  what  is  usually  the  tailing  product.^  The  author  believes 
that  this  method  would  not  be  particularly  effective.  Moreover,  inas- 
much as  the  presence  of  even  a  small  fraction  of  1  per  cent  of  copper  is 
objectionable  in  the  concentrates,  it  is  doubtful  whether  any  of  the 
processes  suggested  above  are  commercially  capable  of  reducing  the 
copper  to  0.1  per  cent.,  for  example,  in  any  material  in  which  the 
ratio  of  copper  sulphide  to  molybdenite  is  relatively  large.  For  such 
ore  chemical  methods  of  separation  will  probably  have  to  be  used. 

ST7HMABY. 

Each  particular  molybdenite  ore  presents  its  own  concentration 
problems.  Usually  one  of  the  methods,  or  a  combination  of  the 
methods,  discussed  above  will  give  satisfactory  results,  but  in  some 
instances  other  ore-dressing  processes  must  be  employed  in  conjunc- 
tion with  them. 

a  Molybdenam,  tungsten,  and  uranium  ores,  Eng.  and  MIn.  Jour.,  vol.  97,  1913,  p.  114. 

h  Wood,  H.  E.,  The  Wood  flotation  process:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  44, 1912,  p.  693. 

40167*— Bull.  111—16 8 
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CONCEBITRATION  OF  WLUTKNITE  OBBS. 

Unlike  the  concentration  of  molybdenite,  the  treatment  of  wul- 
fenite  ores  presents  few  difficulties.  Not  only  are  the  ordinary  wet 
processes  of  concentration  by  jigs,  tables,  vanners,  slimers,  etc., 
such  as  are  usually  employed  in  the  treatment  of  ores  of  lead,  copper, 
and  zinc,  adapted  to  the  concentration  of  wulfenite,  but,  when 
properly  applied,  they  result  in  a  high  extraction  of  the  mineral. 
Moreover,  even  the  finest  particles  of  wulfenite  are  readily  wetted; 
hence  sliming  of  the  ore  does  not  occasion  the  considerable  losses 
that  would  occur  under  similar  circumstances  in  the  treatment  of 
most  metallic  sulphides,  such  as  galena  and  chalcopyrite,  as  these 
minerals  float  readily  when  finely  divided.  On  account  of  the  high 
specific  gravity  of  wuJfenite  (6.7  to  7)  it  is  readily  separated  from 
all  of  the  gangue  minerals  with  which  it  occurs.  It  is,  however, 
frequently  associated  with  vanadinite  (specific  gravity,  6.66  to  7.23), 
from  which  it  can  not  be  separated  by  wet  methods,  also  with  oerus- 
site  (specific  gravity,  6.46  to  6.57),  and  anglesite  (specific  gravity, 
6.12  to  6.39),  from  which  it  can  be  only  partly  separated.  Occasion- 
ally small  quantities  of  other  lead  minerals  of  high  specific  gravity, 
such  as  galena  (specific  gravity,  7.4  to  7.6),  pyromorphite  (specific 
gravity,  6.5  to  7.1),  and  mimetite  (specific  gravity,  7.0  to  7.25), 
occur  with  wuJfenite  and  are  then  recovered  in  the  wulfenite  con- 
centrate. The  presence  or  absence  of  these  other  heavy  minerals 
in  the  ore  determines  largely  the  grade  of  wulfenite  concentrates 
that  can  be  made.  Theoretically,  a  concentrate  consisting  entirely 
of  pure  wulfenite  contains  39.23  per  cent  molybdio  trioxide  (MoO,), 
and  with  many  ores  a  product  with  34  to  36  per  cent  molybdio 
trioxide  is  easily  obtained,  whereas  with  others  a  concentrate  con- 
taining even  20  per  cent  molybdic  trioxide  is  obtained  with  difficulty 
owing  to  the  presence  of  considerable  percentages  of  vanadinite, 
cerussite,  etc.  The  costs  of  concentrating  wuJfenite  ores  by  wet  proc- 
esses are  in  general  comparable  to  those  of  treating  ores  of  galena, 
sphalerite,  chalcopyrite,  etc.,  by  similar  methods. 

Many  deposits  of  wulfenite  ore  are  situated  at  considerable  dis- 
tances from  water  supplies  of  sufficient  magnitude  to  furnish  the 
quantities  requisite  for  wet  concentration.  It  is,  therefore,  of 
interest  to  note  that  wuJfenite  can  be  concentrated  successfully  by 
pneumatic  processes,  and  that  there  are  pneumatic  separators  of 
various  types,  such  as  tables  and  jigs,  now  on  the  market  that 
without  doubt  can  effect  nearly  as  high  an  extraction  and  make  as 
good  grade  of  concentrates  as  can  be  obtained  by  wet  methods.  The 
cost  of  separation  by  pneumatic  processes  is,  of  course,  greater  than 
by  wet  methods. 
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COKCSNTBATIOX  TESTS   OF  WUIiFENITB  OBS  FBOM  OLD  YUMA 

MINE,  NEABr  TUCSON,  ABIZ. 

The  tables  following  give  the  results  obtained  by  tne  author  from 
a  series  of  concentration  tests  of  wulfenite  ore  from  the  Old  Yuma 
mine,  14  miles  northwest  of  Tucson,  Ariz.  The  tests  were  not  con- 
ducted with  the  idea  of  deriving  the  best  method  of  treatment  for  the 
ore  in  question,  but  to  show  the  wide  range  of  processes  that  may 
be  successfully  applied  to  wulfenite  ores  in  general.  The  ore  used 
was  of  high  grade,  containing  approxiinately  6  per  cent  molybdic 
trioxide.  The  gangue  was  an  iron-stained  silicons  rock  in  which 
the  wulfenite  was  present  in  crystals  varying  in  size  from  minute 
specks  up  to  one-half  inch  in  maximum  diameter.  A  sample  of  the 
original  ore  weighing  120  pounds  was  crushed  in  a  small  jaw  crusher 
to  pass  through  a  3-mesh  screen,  and  divided  into  six  lots  by  careful 
sizing.  The  first  three  of  these  lots,  embracing  material  through 
3-mesh  on  20-mesh,  were  treated  in  a  hydraulic  pulsator  jig.  The 
next  two  lots, .  embracing  material  through  20-mesh  on  100-mesh, 
were  concentrated  in  a  pneumatic  jig,  and  the  last  lot  of  material 
through  lOO-mesh  was  run  on  a  concentrating  table  of  common  make. 

ConDcnlrolvm  tests,  on  machines  of  various  types,  of  wulfenite  ore  from  the  Old  Yuma 

mine,  14  miles  northwest  of  Tucson,  Ariz. 

TEST  1.    CONCENTRATION  ON  HYDRAULIC  PULSATOR  JIG. 


Through  3-me8h,  on  e-mesh. 

Through  6-niesh,  on  10-meRh. 

Item. 

Ore. 

Concen- 
trates. 

Mid- 
dlings. 

Tailings. 

•• 

Ore. 

Concen- 
trates. 

Mid- 
dlings. 

Tailings. 

Weight,  pounds 

Per  cent  MoOs 

Weight  KoOy,  Dounds 
Kxtractlon  MoO|,  per 
cent 

32.50 
0  4.59+ 
L494 

3.54 
36.43 
L200 

88.35 

1.46 
8.46 
.124 

8.30 

27.50 
.29 
.080 

27.00 
a  6. 14+ 
L680 

4.73 
32.76 
1.550 

92.26 

1.00 
5.13 
.051 

3.04 

2L27 
.37 
.079 

Loss  MoOi,  per  cent. . 

5.35 

4.70 

Through  10-mesh,  on  20-mesh. 

Total. 

Item. 

.  Ore. 

Concen- 
trates. 

Mid- 
dlings. 

Tailings. 

Ore. 

Concen- 
trates. 

Mid- 
dlings. 

Tafltaigs. 

Weight,  pomids 

Per  cent  MoOt....... 

Weight  MoO|,Doands 
Extraction  MoOs,  per 
cent 

18.00 
« 10.01+ 
L802 

4.65 
34.08 
L592 

88.35 

L67 
1L45 
.180 

9.09 

n.88 
.25 
.030 

77.50 
a  6. 42+ 
4.976 

12.82 
034.57+ 
4.432 

89.07 

4.03 
a8.80+ 
.356 

7.18 

60.65 
a. 81+ 
.180 

Lioss  MoOi.  per  cent . . 

1.66 

3.80 

a  Calculated. 
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Concentration  teiUy  on  rnaekinu  of  various  ^p^y  of  wulfenite  ore  from  the  Old  Yuma 

mine  14  mUee  northweet  of  Tuctont  Arii, — Continued. 

TEST  2.    CONCENTRATION  ON  PNEUliATIC  PUL8AT0R  JIQ. 


Item. 

Throng  20-niesh»  on 
60-mesh. 

Througii  60-mesh,  on  100- 
mesh. 

Total. 

Ore. 

Concen- 
trates. 

Tail- 
ings. 

Ore. 

Concen- 
trates. 

Tafl- 
ings. 

Ore. 

» 

Concen- 
trates. 

Tail- 
ing. 

WAfarht,  nonnflji . , , .    

31.00 
a  7. 60+ 
1.507 

4.06 
33.48 
1.356 

84.01 

16.05 
1.42 
.241 

7.00 
as.  04+ 

.276 

aso 

20.23 
.234 

84.78 

6.90 
.67 
.042 

28.00 
•  6.68+ 
1.873 

4.85 
a32.78+ 
1.500 

84.80 

23.15 

P«r  cent  HoOs 

aL23+ 

Wd^t  MoOi.  pounds . . . 
Extnction    MoOt,  per 
omt 

.383 

Loss  lioOtfPer  cent 

15.00 

15.22 

15.11 

TEST  8.    CONCENTRATION  ON  DIAGONAL-RIFFLE  OSCILLATINO  TABLE  (WET).    * 


IteoL 


Weight,  pomids 

Per  cent  ICoOs 

Weight  MoOs,  pounds 

Extraction  MoOs,per  cent. 
Loss  MoOs,  per  cent 


Throu^  100-mesh. 


Ore. 


11.50 
a2.33+ 
.200 


Concen- 
trates. 


a78 

2L98 
.171 
63.57 


Tailings. 


ia72 
.01 
.098 


36.43 


a  Calculated. 
SUMMARY. 


Item. 


Total  weight,  pounds 

Total  weight  MoOs,  pounds , 

Per  cent  MoOi 

Extraction  MoOi,  per  cent. . 
Loss  MoOy,  per  cent 


Ore. 


117.00 
7.118 
a6.06+ 


Concen- 
trates. 


18.45 
6.103 
a33.56+ 
87.00 


Middlings. 


4.03 
.355 
a8.80+ 
4.00 


Tailings. 


04.52 
.570 
«.60+ 


&01 


a  Calculated. 


Distribution  of  imlfenite,  and  recoveries  and  losses,  according  to  sizes  in  tests  /,  t,  andS, 


Size  of  material. 

Per  cent  of  total  MoOi  in— 

Machine  used. 

Feed. 

Cbncen- 
trates. 

Middlings. 

Tailings. 

Hydraulic  pulsator  jig . . . 

fThrough  S-mesh,  on  6>mesh . . 
Through  6-meshy  on  10-mesh . 
Through  10-mesh,  on  20-me8h 

Through  3-mesh,  on  20-mesh . 

Through    20-me8h|  on   60- 

mesh. 
Through  OO-mesh,  on   1Q0> 

mesh. 

Through  20>mBsh,  on  100* 
,   mesh. 

Through  lOO-mesh 

20.08 
23.80 
25.32 

18.12 
21.77 
22.37 

1.74 

.72 

2.53 

1.12 

Lll 

.42 

60.00 

62.26 

4.00 

2.65 

22.44 
3.88 

10.05 
3.20 

3.30 

.50 

Pneumatic  pulsator  jig . . 

, 

26.32 

22.34 

3.08 

ConcentratinK  table 

3.78 

2.40 

1.38 

Total 

100.00 

87.00 

4.00 

8.01 
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DISCUSSION   OF  RESULTS  OF  TESTS. 

The  results  obtained  by  treatment  on  the  hydraulic  pulsator  jig 
show  that  the  concentrates  obtained  averaged  34.57  per  cent  molybdic 
trioxide  (MoO,),  which  corresponds  to  88.12  per  cent  pure  wulfenite, 
and  that  the  extraction  in  these  concentrates  was  89.07  per  cent. 
The  total  middlings,  which  amounted  to  only  4.03  pounds,  or  5.2 
per  cent  of  the  feed,  accounted  for  7.13  per  cent  of  the  remaining 
molybdenum,  and  the  bulk  of  the  wulfenite  contained  in  them  could 
without  doubt  have  been  recovered  as  a  high-grade  concentrate  by 
recrushing  and  treating  the  product  on  concentrating  tables,  even 
though  the  middlings  contained  considerable  cerussite.  It  will  be 
noted  that  the  tailings  averaged  only  0.31  per  cent  molybdic  trioxide, 
and  although  they  amounted  to  78.26  per  cent  by  weight  of  the  feed, 
the  loss  of  wulfenite  in  them  was  only  3.8  per  cent  of  the  total  quantity 
in  the  feed.  In  this  instance,  the  ore  through  10-mesh  and  on  20- 
mesh  was  jigged  only  to  show  that  the  method  was  applicable  to 
treafmg  material  of  this  fineness.  In  commercial  work  it  would 
probably  be  preferable  to  treat  this  size  of  wulfenite  ore  on  conceif- 
trating  tables,  as  in  general  more  expert  attention  is  required  in  the 
successful  operation  of  jigs  than  in  the  use  of  tables. 

The  tests  on  the  air  p\ilsator  jig  were  made  to  indicate  the  applica- 
bility of  pneimiatic  processes  to  wulfenite  ores  in  deposits  situated 
at  such  distances  from  water  supplies  as  to  make  wet  concentration 
out  of  the  question.  A  simmiary  of  the  tests  shows  that  the  concen- 
trates averaged  32.78  per  cent  molybdic  trioxide,  corresponding  to 
83.56  per  cent  pure  wulfenite,  and  that  the  extraction  in  the  con- 
centrates was  84.89  per  cent.  No  middling  products  were  made,  and 
for  that  reason  the  tailings  were  richer  in  wulfenite  than  they  other- 
wise would  have  been.  At  the  end  of  the  two  runs  a  perfect  separa- 
tion of  the  concentrates  and  tailings  remaining  in  the  jig  was  impos- 
sible, and  in  the  effort  to  keep  the  concentrates  clean  a*  small  quantity 
of  them  was  skimmed  off  with  the  tailings.  This  procedure  also 
lowered  the  extraction.  Further,  closer  sizing  of  the  material  before 
treatment  would,  without  doubt,  have  been  beneficial.  However, 
the  tests  demonstrated  that  an  excellent  grade  of  concentrates  can 
be  made  by  a  pneumatic  process,  and  considering  all  the  conditions, 
the  average  extraction  of  84.89  per  cent  compares  favorably  with  the 
average  extraction  of  89.07  per  ceiit  made  from  the  coarser  sizes  of 
material  by  the  hydraulic  pulsator  jig,  and  it  is  probably  little  less 
than  that  which  would  have  been  obtained  if  the  material  had  been 
treated  by  wet  concentration  on  tables. 

A  common  make  of  oscillating  table  with  riffles  terminating  in 
a  diagonal  line  across  the  deck  was  used  for  the  wet  concentration 
of  the  material  that  passed  through  a  100-mesh  screen.    A  good 
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marketable  grade  of  concentrates  was  made,  but  the  extraction  (63.57 
per  cent)  was  poor.  The  results  indicate  that  a  considerable  porpor- 
tion  of  the  material  was  too  fine  to  be  treated  efficiently  on  this  type 
of  machine  and  that  the  ore  should  be  further  sized  or  classified  and 
the  finer  part  treated  on  a  slime  table. 

Summarizing  the  results  of  the  three  series  of  tests,  it  wiU  be  seen 
that  the  average  molybdic  trioxide  content  of  the  total  concentrates, 
total  middlings,  and  total  tailings  was  33.56  per  cent,  8.80  per  cent, 
and  0.60  per  cent,  and  that  the  extraction  in  the  concentrate  was 
87  per  cent,  and  in  the  middlings  4.99  per  cent,  whereas  the  total 
loss  in  the  tailings  was  8.01  per  cent. 

The  table  giving  the  distribution  of  wulfenite  and  the  recoveries 
and  losses  in  the  various  sizes  of  material,  shows  that  practically  70 
per  cent  of  the  total  wulfenite  In  the  ore  was  contained  in  the  material 
through  3-mesh  and  on  20-mesh,  and  that  out  of  this  amount  62.26 
per  cent  was  recovered  in  the  concentrates  from  the  hydraulic  pulsator 
jig,  whereas  4.99  per  cent  more  was  contained  in  the  middlings  from 
the  jig,  a  total  recovery  of  67.25  per  cent.  The  table  further  shows 
that  out  of  26.32  per  cent  of  the  total  wulfenite  in  the  ore  contained 
in  the  material  through  20-mesh  and  on  100-mesh,  the  pneumatic 
pulsator  jig  recovered  22.34  per  cent.  Only  3.78  per  cent  of  the 
wulfenite  content  of  the  ore  was  finer  than  100-mesh,  and  of  this 
amount  the  concentrating  tables  recovered  2.4  per  cent. 

Although  the  tests  discussed  above  were  not  conducted  with  the 
idea  of  deriving  a  method  of  treatment,  the  results  indicate  in  a  gen- 
eral way  the  procedure  that  should  be  adopted.  In  the  author's 
opinion  the  ore  could  be  treated  efficiently  by  wet  concentration 
approximately  as  follows: 

After  the  ore  has  been  crushed  in  a  jaw  or  crusher  in  gyratory 
crushers  to  about  ^-inch  size  it  should  be  further  crushed  in  rolls  to 
about  i-inch  and  the  product  screened  into  three  series  of  sizes. 
Approximately,  these  sizes  should  be  as  follows:  Through  4-mesh 
and  on  8-mesh,  and  through  8-mesh  and  on  12-mesh,  these  two  sizes 
to  be  treated  on  jigs;  through  12-mesh  and  on  20-mesh,  through  20- 
mesh  and  on  40-mesh,  through  40-mesh  and  on  80-mesh,  and  through 
80-mesh  and  on  1 20-mesh,  these  four  sizes  to  be  treated  on  concen- 
trating tables,  and  the  material  through  1 20-mesh  to  be  treated  on 
slime  tables.  The  jigs  should  be  operated  so  as  to  obtain  as  clean 
concentrates  and  tailings  as  possible,  and  the  middlings,  after  recrush- 
ing  (perhaps  through  20-mesh),  should  be  appropriately  sized  for 
reconcentration  by  the  tables. 

In  the  operation  of  the  tables  the  price  received  for  various  grades 
of  wulfenite  concentrates  would  determine  where  the  cut  between 
concentrates  and  tailings  should  be  made.    It  might  be  advanta- 


A.  TAILING  PILES  CONTAINIMG  WULFENITE.  FROM  STAMP  AND  CVANIDE  MILLS, 
MAMMOTH.  ARIZ.  LOADING  TUNNEL  AND  TRACK  TO  WULFENITE  MILL  IN  THE 
FOREGROUND, 
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geous,  from  a  commercial  standpoint,  to  sacrifice  something  on  the 
recovery  in  order  to  make  an  especially  high  grade  of  concentrates. 

The  author  is  confident  that  if  the  process  described  above  was 
applied  on  ore  similar  to  that  treated  it  would  result  in  at  least  a 
90  per  cent  recovery  of  the  wulf enite  as  a  high-grade  concentrate 
containing  30  per  cent  or  more  of  molybdic  trioxide. 

It  is  of  interest  to  note  that  the  particular  lot  of  ore  used  in  the 
tests  assayed  3.64  ounces  of  gold  per  ton  and  that  a  microscopic 
examination  showed  that  much  of  the  gold  was  contained  as  native 
metal  in  the  wulfenite  crystals  themselves.  As  far  as  known,  this  is 
the  first  time  that  the  presence  of  visible  gold  has  been  repo^^ted  in 
wulfenite.  Further,  it  was  ascertained  that  the  gold  was  seemingly 
confined  to  dark-colored  crystals  and  that  the  more  plentiful  orange- 
colored  crystals  were  free  from  the  element.  In  order  to  verify  the 
results  of  the  microscopic  examination,  two  lots  of  crystals  were  hand 
picked  from  the  coarser  sizes  of  concentrates  obtained  by  jibing. 

'  One  lot  consisted  of  clear,  orange-yellow  crystals,  and  the  other  of  dark- 
brown  to  almost  black  crystals.  These  lots  were  crushed  and 
assayed.  Two  assays  of  the  yellow  material  failed  to  show  even  a 
trace  of  gold,  whereas  two  assays  of  the  dark  crystals  yielded  143.32 
and  138.02  ounces  per  ton,  thus  proving  conclusively  that  the  gold 

Vas  confined  to  the  latter  crystals.  The  author  believes  that  a  con- 
siderable proportion  of  the  dark  color  of  these  crystals  is  due  to  minute 
particles  of  gold. 

It  is  r^retted  that  owing  to  the  removal  of  considerable  material 
from  the  coarser  sizes  of  jigged  concentrates  for  experimental  pur- 
poses, no  statement  can  be  made  regarding  the  recovery  of  gold  in  the 
concentrates  as  a  whole.  However,  it  would  probably  be  somewhat 
less  than  the  corresponding  recovery  of  wulfenite  or  of  molybdic 
trioxide,  as  no  doubt  the  cerussite  in  the  ore  contains  some  gold. 

•  For  example,  the  concentrates  and  tailings  derived  by  jigging  the 
material  through  20-mesh  on  60-mesh  assayed  15.36  and  0.82  ounces 
of  gold  per  ton.  Calculated  from  these  assays,  the  gold  con- 
tent of  the  feed  was  3.62  ounces  per  ton,  and  the  recovery  in  the  con- 
centrates was  81.74  per  cent,  or  slightly  less  than  the  corresponding 
recovery  of  molybdic  trioxide,  which  was  84.91  per  cent.  The  per- 
centage of  gold  recovered,  however,  is  probably  almost  identical 
with  that'  of  lead. 

BOYKXN  A  HEBEFOBD  WULFBNITB  HILL  AT  MAHKOTH,  ABIZ. 

At  Mammoth,  Pinal  County,  Ariz.,  there  are  large  piles  of  tailings 
(PI.  XVIII,  A)  derived  from  ore  from  the  Mammoth  mine,  about  3 
miles  distant  at  Schultz.^    This  ore  was  originally  crushed  in  a  stamp 

a  For  description  of  the  ore  from  this  mine  see  p.  47. 
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mill  and  treated  by  amalgamation  to  recover  its  free-gold  content. 
Later  the  tailings  from  this  process  were  cyanided  to  extract  the  con- 
siderable part  of  the  gold  that  was  not  free  milling  or  had  otherwise 
been  lost  in  the  first  operation.  Subsequently  part  of  the  resulting 
tailings  was  sluiced  to  recover  the  wulfenite  content.  This  last  opera- 
tion was  over  a  decade  ago,  and  it  probably  supplied  about  750  tons 
of  wulfenite  concentrates  out  of  the  795  tons  of  combined  wulfenite 
and  molybdenite  concentrates  that  constituted  the  total  production 
of  this  county  in  1903.* 

A  part  of  these  tailings  piles  is  shown  in  Plate  XV,  B.  They 
are  es^ated  to  contain  200,000  to  250,000  tons  of  material  and  1  to 
2  per  cent  of  wulfenite.  In  1914  Messrs.  F.  H.  Hereford  and  R.  O. 
Boykin,  of  Tucson,  Ariz.,  who  had  obtained  control  of  all  but  about 
25,000  tons  of  this  material,  installed  two  concentrating  tables  in 
the  mill  building  of  the  old  cyanide  plant  and  commenced  the  re-treat- 
ment of  the  tailings  to  recover  the  wulfenite.  Operations  were  so 
successful  that  early  in  1915  they  entirely  remodeled  the  small  plant 
and  increased  the  nimiber  of  concentrating  tables  to  seven.  At  this 
time  (June,  1915)  operations  are  being  conducted  as  follows: 

The  taiUngs  are  dug  from  the  tailings  piles  by  means  of  a  four- 
horse  scraper  and  dragged  up  an  incline  to  a  loading  platform, 
where  they  are  dumped  onto  a  coarse  grizzly,  which  removes  pieces 
of  board,  brush,  etc.,  and  allows  the  tailings  to  fall  through  into  a 
car.  The  scraper  used  and  the  loading  platform  are  shovm  in  Plates 
XV,  B,  and  XVlll,  A.  The  cars  into  which  the  tailings  are  dumped, 
each  having  a  capacity  of  slightly  over  a  ton,  are  trammed  by  hand 
for  several  hundred  feet  to  the  foot  of  an  incline  leading  to  the  mill 
bin.  Here  each  car  is  hooked  onto  a  cable  and  drawn  up  the  incline 
to  the  upper  edge  of  the  bin,  about  30  feet  above  the  ground,  and 
its  contents  dumped  into  the  bin  by  hand.  Each  empty  car  is 
returned  down  the  incline  by  gravity  and  run  onto  a  switch  to  allow 
the  next  loaded  car  to  pass  and  then  trammed  back  into  the  tunnel 
beneath  the  loading  platform  to  be  refilled.  Plate  Xvill,  B,  shows 
a  general  view  of  the  mill  and  its  surroundings.  It  is  understood 
that  the  work  of  scraping  the  tailings  and  placing  them. in  the  mill 
bin  is  let  by  contract  and  that  the  cost  is  about  14  cents  per  ton. 

DISCUSSION   OF  FLOW   SHEET. 

In  the  following  description  of  the  operation  of  the  mill  the  num- 
bers refer  to  the  flow  sheet  shown  in  figure  2.  The  miU  bin  or  feed 
hopper,  1,  has  the  form  of  an  inverted  square  pyramid  truncated 
parallel  with  its  base,  and  holds  about  40  tons.  It  is  clearly  shown 
in  Plate  XVIII,  B,     From  this  hopper  the  tailings  are  washed  by  a 

a  Pratt,  J.  H.,  The  steel-hardening  metals:  Mineral  Resources  U.  S.  for  1903,  U.  8.  Geol.  Survey,  1904, 
p.  308. 
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small  stream  of  water  over  an  inclined  screen,  2f  of  about  4-mesh. 
The  oversize  on  this  screen  is  removed  by  hand  and  thrown  away, 
and  the  undersize  is  carried  through  a  laimder  into  the  mill  building, 
where  it  discharges  into  a  hindered-settling  classifier,  S.  The  over- 
flow from  this  classifier  goes  to  a  second  hindered-settling  classifier, 
4,  and  the  overflow  from  the  second  classifier  to  a  third,  6,  and  so  on 
through  five  classifiers.  The  overflow  from  the  fifth  classifier  passes 
into  a  settling  cone,  8,  the  overflow  from  which  goes  into  the  tailings 

O^ersfze  fo  wasfe 


FioxJBS  2.'FIow  sheet  of  Boyldn  &  Hereford  wulfenite  mill,  Kammoth,  Ariz,  i,  MiU  bin  or  hopper, 
having  a  capacity  of  about  40  tons;  i^  inclined  4-me8h  screen;  5  to  7,  hindered-settling  classifiers;  S.  settling 
cone;  P  to  //,  Overstrom  tables;  If,  Ludwlg  table;  /5  to  /^,  Card  tables;  /<?,  concentrate  storage;  /7, 
middlings  storage;  /£,  tailings  sump;  /P,  Byron  Jackson  3-inch  "Dreadnaught"  sand  pump. 

sump,  18.,  The  spigot  products  from  the  first  three  classifiers,  S  to  5, 
are  treated  separately  on  three  Overstrom  tables,  9  to  11.  The  spigot 
product  from  the  fourth  classifier,  6,  is  divided  into  two  parts,  one  of 
which  goes  to  a  Ludwig  ta,ble,  H^  and  the  other  to  a  Card  table,  IS. 
The  spigot  products  from  the  fifth  classifier,  7,  and  from  the  settling 
cone,  8,  are  treated  separately  on  two  Card  tables,  14  and  16.  Each 
of  the  concentrating  tables  makes  a  middlings  product,  which  goes  to  a 
storage  bin,  17,  for  re-treatment.  It  is  understood  that  these  mid- 
dlings are  sometimes  re-run  on  one  of  the  concentrating  tables,  which 
is  temporarily  cut  out  of  the  mill  system  for  their  re-treatment,  and 
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Bometimes  they  are  returned  to  the  mill  system  as  a  whole.  The 
tailings  from  all  the  tables  go  to  the  tailings  sump  18,  and  the  con- 
centrates to  storage  bin  16,  from  which  they  are  taken  to  be  dried 
and  sacked.  The  tailings  are  pumped  from  the  tailings  sump  18  by 
a  Byron  Jackson  3-inch  "Dreadnaught"  sand  pump,  19,  and  dis- 
charged through  a  pipe  onto  a  tailings  pile  a  short  distance  from 
the  mill. 

Power  is  furnished  by  two  Fairbanks-Morse  oil  engines  of  12  and 
20  horsepower.  The  smaller  engine  drives  the  sand  pump  19,  and  the 
larger  engine  supplies  power  for  operating  the  concentrating  tables 
9  to  15,  8L  Byron  Jackson  4-inch  pump  that  supphes  the  plant  with 
water,  and  a  Browning  2-kilowatt  dynamo  which  is  rated  to  supply 
16.6  amperes  at  120  volts  when  run  at  1,425  revolutions  per  minute. 
The  dynamo  furnishes  electricity  for  lighting  the  mill  and  for  illumi- 
nating the  scraping  and  tramming  operations  on  the  tailings  piles  at 
night.    The  mill  operates  24  hours  a  day  and  employs  10  to  12  men. 

It  is  reported  that  about  2  tons  of  concentrates  are  obtained  each 
day  from  the  treatment  of  about  200  ti^ns  of  tailings.  A  large 
sample  of  these  concentrates,  furnished  to  the  author  through  the 
oourtesy  of  Messrs.  Hereford  and  Boykin,  upon  analysis  yielded  the 
results  shown  in  the  foUowinig  table: 

Analysis  ofwulfenite  concentrates  from  mill  at  Mammothf  Ariz.<^ 

CoDstitueiit.  Per  cent. 

MoO, 22.62 

PbO 61.83 

VA 1-28 

FejOj  and  AlA 5. 50 

CuO 65 

SiO, 1.53 

PaOa 30 

SO, 1. 96 

COj 3.20 

01 23 

CaO,  KaO,  etc &.90 

Total 100. 00 

The  above  analysis  indicates  the  presence  of  the  four  principal 
mineral  ingredients  of  the  concentrates  in  the  following  percentages; 
Wulfenite,  67.63 ;  cerussite,  18.32;  vanadinite,  8.65;  anglesite,  6.52; 
total,  91.12  per  cent.  As  the  last  three  minerals  are  of  nearly  the 
same  specific  gravity  as  wulfenite,  the  rather  low  molybdio  trioxide 
content  of  the  conoentrates  (22.62  per  cent)  is  not  surprising.  In  fact, 
with  such  relatively  large  percentages  of  these  other  heavy  lead 
minerals  in  the  feed,  the  writer  does  not  see  how  any  considerable 
betterment  of  the  grade  of  concentrates  could  be  expected.  Inasmuch 
as  over  1  per  cent  of  tungsten  had  been  reported  to  Messrs.  Hereford 

A  Analyst,  H.  A.  Doerner,  Bureau  of  Mines.  &  Approximate. 
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and  Boykin  in  the  analysis  of-  a  sample  said  to  have  represented  a 
considerable  tonnage  of  concentrates,  it  is  of  interest  to  note  that 
none  of  that  element  was  found  in  the  analysis  given  above. 

Although  it  would  be  difficult  to  improve  greatly  the  grade  of  con- 
centrates being  made  at  this  plant,  the  author  is  of  the  opinion  that 
the  capacity  of  a  plant  of  this  character  could  be  greatly  increased 
by  the  installation  of  an  efficient  screening  system  to  remove  the 
coarser  particles  of  gangue  before  concentration  on  the  tables,  and 
that  the  extraction  of  wulfenite  could  be  considerably  improved  by 
the  treatment  of  the  fines  on  slime  tables  or  slime  vanners. 


RESULTS   OF   SCREEN  TEST. 

A  screen  test  of  a  sample  of  concentrates  was  made,  the  results 
being  presented  below.  The  test  showed  that  93.6  per  cent  would 
pass  through  a  100-mesh  screen,  and  that  76.2  per  cent  would  pass 
through  a  200-mesh  screen.  Further,  it  is  reasonable  to  assume  that 
the  losses  of  wulfenite  occurring  in  the  mill  are  confined  almost 
entirely  to  very  fine  material,  so  the  relative  proportion  of  fine  to 
coarse  wulfenite  in  the  feed  is  probably  even  greater  than  indicated 
by  the  results  of  the  screen  test.  It  is  obvious  that,  as  the  tables 
used  for  treating  the  finer  sizes  of  material  are  not  suited  for  treat- 
ing slimes,  a  considerable  loss  of  wulfenite  must  occur  in  their  tail- 
ings. Moreover,  the  overflow  from  the  settling  cone  in  the  mill  is 
not  treated  at  all  but  runs  directly  to  the  tailings  sump.  A  panning 
test  of  this  overflow  product  showed  the  presence  of  considerable  fine 
wulfenite  which  could  at  least  be  partly  recovered  by  allowing  the 
overflow  to  settle  in  tanks  and  treating  the  slimes  on  shme  tables  or 
slime  vanners.  Further,  as  stated  above,  it  is  the  author's  opinion 
that  a  much  better  recovery  would  be  effected  if  the  fiaier  part  of  the 
material,  embracing  the  spigot  product  from  the  settling  cone,  and 
even,  perhaps,  the  spigot  product  from  the  fifth,  o^  final,  classifier 
now  being  handled  by  the  tables,  were  treated  on  concentrators 
adapted  to  handling  slimes. 

Results  of  screen  test  on  wulfenite  concentrates  from  mill  at  Mammoth,  Ariz. 

[Screen  ratio,  1.414.] 
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The  results  of  the  screen  test  showed  that  only  2.7  per  cent  of  the 
concentrates  were  caught  on  a  48-mesh  screen.  In  other  words,  the 
original  feed  to  the  mill  might  be  screened  through  a  48-me8h  sieve, 
and  by  throwing  away  the  oversize  only  2.7  per  cent  of  the  material 
now  recovered  would  be  lost.  It  is  regretted  that  the  results  of  a  screen 
test  on  the  present  feed  to  the  mill  are  not  available,  so  that  the  exact 
proportion  of  the  gangue  that  might  be  eliminated  by  screening  with 
a  practically  negligible  loss  might  be  accurately  stated.  The  writer, 
however,  is  confident  that  more  than  one-quarter,  and  perhaps  even 
one-half,  of  the  total  feed  to  the  mill  could  be  removed  by  screening 
to  40-mesh.  That  the  capacity  of  the  mill  would  be  considerably 
increased  by  such  a  procedure  is  obvious,  and  the  recovery  and  the 
grade  of  concentrates  would  probably  also  be  benefited.  Li  fairness 
to  the  operators  of  the -mill  it  must  be  said  that  the  screening  system 
at  the  time  of  the  author's  visit  (screening  to  about  4-mesh  at  the 
outlet  of  the  mill  bin  and  to  about  8-mesh  or  10-mesh  through  pieces 
of  screen  placed  in  the  feed  boxes  of  the  concentrating  tables),  was 
only  a  temporary  makeshift,  and  has  doubtless  been  replaced  by  a 
more  efficient  system. 
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MINING  AND  PREPARING  DOMESTIC  GRAPHITE  FOR 

CRUCIBLE  USE. 


By  Geohcke  D.  Dtjb  and  Fredebick  G.  Moses. 


FKEFATOBT  STATEMENT. 

The  Bureau  of  Mines,  in  connection  with  the  investigations  of 
war  minerals  it  conducted,  examined  the  graphite  deposits  of  this 
country,  studied  the  methods  of  mining  and  preparation  used,  and 
sought  to  devise  more  efficient  methods  for  the  preparation  of  do- 
mestic graphite,  and  to  standardize  the  quality  of  the  product.  The 
graphite  investigations  covered  three  general  phases,  as  follows : 

1.  An  examination  of  the  deposits  in  Alabama  and  other  States, 
and  a  survey  of  the  methods  of  mining  and  preparation  used.  In 
this  connection  methods  of  sampling  and  analysis  were  noted  and  ex- 
periments made  to  determine  a  standard  method  of  sampling  and  a 
rapid  but  accurate  method  of  analysis. 

2.  Experimental  work  on  the  concentration  and  refining  of  domes- 
tic crucible  graphite  to  improve  the  quality  of  the  product  and  to 
lessen  waste. 

3.  Experimental  work  in  crucible  manufacture  to  determine  the 
properties  of  domestic  flake  and  the  maximum  proportions  that 
might  be  used  without  impairing  the  quality  of  the  crucibles.  This 
work  was  accompanied  by  photomicrographic  study  of  crucible 
structure. 

In  this  bulletin  are  presented  the  results  obtained  in  the  first  two 
phases  of  the  work  outlined  above.  The  bulletin  is  in  two  parts. 
The  first  part  describes  the  methods  of  mining  and  milUng  used, 
suggests  a  standard  method  of  sampling  finished  graphite,  and  de- 
scribes a  rapid  and  convenient  method  of  analysis  developed  at  the 
Pittsburgh  station  of  the  Bureau  of  Mines,  to  which  had  been  as- 
signed the  analytical  and  microscopic  work.  The  second  part 
describes  experiments  on  the  concentration  and  milling  of  graphite, 
which  were  made  at  the  Salt  Lake  City,  Utah,  station.  As  soon  as 
the  reports  incorporated  in  this  bulletin  were  ready,  mimeograi^h 
copies  were  distributed  to  those  persons  most  interested  in  order  to 
make  the  results  immediately  available. 

The  experimental  work  on  crucible  manufacture,  assigned  to  the 
Columbus,  Ohio,  station,  yielded  results  which  were  made  known  to 
the  industry.  A  report  on  this  work  will  be  published  later  as  a 
separate  bulletin. 


MINING  AND  MILLING  METHODS  IN  ALABAMA. 


By  Geoboe  D.  Dub. 


nrrEOBUCTioN. 

The  writer,  in  connection  with  the  graphite  investigation  of  the 
Bureau  of  Mines,  war  minerals  investigations,  was  charged  with  the 
examination  of  mining  and  milling  methods.  During  the  course  of 
the  field  work,  Alabama,  New  York,  Pennsylvania,  and  Texas,  the 
principal  producing  districts  in  the  United  States,  were  visited.  In 
addition,  the  writer  visited  a  plant  in  which  graphite  is  refined  from 
"Irish,"  a  by-product  obtained  from  iron  blast-furnaces  and  steel 
plants.  The  field  work  was  planned  to  permit  of  studying  the 
methods  of  mining  and  milling  and  of  refining  graphite  for  market. 
The  results  of  this  observation  and  study  are  set  forth  in  the  follow- 
ing pages.  A  standard  method  for  sampling  finished  graphite  is 
suggested,  and  a  rapid,  convenient  method  of  analysis  used  by  the 
bureau  is  described. 
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A  bibliography  on  graphite  has  been  prepared  by  Ferguson  «.  The 
Canadian  Bureau  of  Mines  is  revising  Cirkel's  monograph  on 
graphite*,  Prof.  B.  L.  Miller  is  revising  Cirkel's  monograph  on 
deposits  of  Pennsylvania «  for  the  State  geological  survey,  and  the 

«  Ferguson,  H.  O.,  Graphite  In  1017  :  Mineral  Resources,  U.  S.,  1017.  U.  S.  Geological 
Survey,  1918,  pp.  117-110. 

*  Cirkel,  Fritz,  Graphite ;  ?ts  properties,  occurrence,  refining  and  uses :  Canada  Depart- 
ment of  Mines,  Mines  Branch,  1907,  807  pp. 

«  Miller,  B.  L.,  Graphite  deposits  of  Pennsylvania  :  Topographic  and  Geol.  Survey  of 
Pennsylvania,  1012,  147  pp. 
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New  York  State  deposits  are  fully  described  in  a  bulletin  of 
the  State  Museum  by  H.  L.  Ailing  ^  In  view  of  the  detailed  geologi- 
cal discussions  and  the  full  descriptions  of  milling  and  refining  appa- 
ratus and  of  methods  in  the  publications  mentioned,  such  phases 
receive  only  incidental  mention  in  this  report.  No  statistics  except 
those  not  available  in  State  or  United  States  Geological  Survey  bul- 
letins have  been  incorporated.  The  aim  is  simply  to  describe 
present  practice  and  recent  developments. 

DEVELOPMENT  OF  GEAPHITE  IirSUSTBY  IN  THE  UNITED  STATES. 

Before  1915  nearly  all  the  graphite  used  in  crucible  manufacture 
in  this  country  was  imported.  Little  domestic  graphite  was  used  in 
crucibles, '  that  mined  being  used  chiefly  for  the  manufacture  of 
lubricants,  paint,  foundry  facings,  and  other  purposes.  In  1915  the 
demand  for  graphite  crucibles  increased  greatly,  because  of  the 
placing  of  large  foreign  contracts  for  munitions  and  ordnance  with 
American  plants,  and  because  of  the  inferiority  of  crucibles  made 
from  clay  other  than  that  from  Klingenburg,  Bavilria,  which  had 
been  cut  off  by  the  blockade.  Certain  crucible  manufacturers,  fear- 
ing a  shortage  of  foreign  graphite,  offered  high  prices  for  domestic 
flake  graphite.  This  stimulated  development  of  the  graphite-bearing 
rocks  of  Alabama.  Also,  the  uncertainty  regarding  foreign  sup- 
plies caused  crucible  manufacturers  to  use  a  larger  proportion  of 
domestic  graphite  in  their  mixtures  than  they  had  ever  before 
attempted. 

During  1916  and  1917  the  amount  of  graphite  imported  was  about 
eight  times  the  domestic  production.  Imported  graphite  comes 
mainly  from  Ceylon,  Madagascar,  and  Korea.  The  amorphous 
graphite  from  Korea  can  be  easily  replaced  by  that  from  Mexico, 
or,  if  necessary,  by  development  of  somewhat  lower  grade  deposits 
in  the  United  States.  Madagascar  and  Ceylon  have  furnished  about 
70  per  cent  of  the  total  graphite  imported,  and  of  this  amount  ap- 
proximately 90  per  cent  has  been  used  in  crucible  manufacture. 
r  Until  the  United  States  entered  the  war  in  1917,  the  use  of  Ceylon 
and  Madagascar  graphites  by  American  manufacturers  was  unre- 
stricted as  long  as  guaranties  could  be  furnished  to  the  British  and 
French  Governments  that  the  products  into  which  these  graphites 
entered  would  not  fall  into  the  hands  of  the  enemy.  On  the  declara- 
tion of  war  in  April,  1917,  these  guaranties  became  unnecessary, 
as  they  were  superseded  by  broader  American  defense  measures. 

During  the  interval  in  the  winter  of  1917-18  when  freight  con- 
ditions were  most  congested,  an  embargo  against  the  shipment  of 

•Ailing,   H.  L.p  The  Adirondack   Graphite  Deposits,  N.  T.   State  Museum  Bull.   199^ 
1917,  160  pp. 
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domestic  graphite  was  ordered  and  permitted  to  remain  in  force 
until  the  early  part  of  March,  1918.  The  result  of  this  embargo 
was  a  stagnation  of  the  domestic  mining  industry.  The  removal 
of  the  freight  restriction  on  domestic  graphite  was  followed  in 
April  by  a  complete  embargo  on  importations  of  overseas  graphite 
during  the  interval  April  15,  1918,  to  July  1,  1918.  For  the  re- 
mainder of  the  calendar  year  5,000  long  tons  was  to  have  been  per- 
mitted to  enter  this  country.  This  order  was  modified  to  the  extent 
of  allowing  importations  during  the  period  April  15,  1918,  to  July 
1,  1918;  the  total  amount  of  these  imports,  however,  was  to  have 
been  deducted  from  the  5,000  tons  scheduled  to  enter  during  the  last 
six  months  of  the  year. 

Toward  the  end  of  June,  1918,  in  view  of  the  necessity  for  con- 
serving  shipping  for  the  direct  military  program  and  after  stocks 
of  overseas  graphite  in  the  hands  of  crucible  makers,  refiners,  and 
dealers  were  found  sufficient  to  last  about  six  months,  it  was  decided 
after  July  2,  1918,  to  restrict  completely  the  importation  of  overseas 
graphite  for  the  rest  of  1918.  This  order  was  followed  on  August 
10, 1918,  by  a  request  from  the  War  Industries  Board  that  all  crucible 
makers  use  20  per  cent  domestic  flake  graphite  in  their  crucible 
graphite  mixtures  for  the  rest  of  1918  with  an  increase  of  25 
per  cent  for  1919.  This  request  carried  with  it  the  statement  that 
applications  for  import  licenses  of  manufacturers  not  complying 
with  the  provisions  of  the  request  would  not  be  approved  by  the  War 
Industries  Board. 

The  War  Trade  Board  ruling  of  July  2,  1918,  was  superseded  on 
October  17, 1918,  by  a  ruling  permitting  imports  of  overseas  graphite 
by  manufacturers  whose  applications  had  been  approved  by  the  War 
Industries  Board.  The  purpose  of  this  ruling  was  to  permit  the 
carrying  of  3  or  4  months'  supply  of  graphite,  in  view  of  the 
length  of  time  required  for  shipments  from  Ceylon  and  Madagascar 
to  reach  the  factory  in  which  they  were  to  be  used. 

ESTABLISHHENT  OF  FEBMANENT  DOMESTIC  IHDTTSTEY. 

.  Before  the  declaration  of  war  in  1914,  all  crucible  makens  in  the 
United  States,  without  exception,  used  clay  imported  from  Klingen- 
burg,  Bavaria,  in  the  manufacture  of  crucibles.  Little  work  of  any 
kind  had  been  done  with  domestic  or  English  clay.  With  the  decla- 
ration of  war  the  cutting  off  of  Bavarian  clay  forced  the  crucible 
maker  to  turn  his  attentions  to  other  clays.  Although  at  first  serious 
difficulties  were  encountered,  the  clay  problem  is  fairly  well  in 
hand  with  the  result  that  crucible  efficiency  compares  favorably  in 
service  with  prewar  standards.  After  clay  difficulties  had  been 
largely  surmounted,  the  problems  of  crucible  manufacture  were  con- 
sidered solved.    In  the  course  of  experiments,  no  great  success  at- 
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tMided  the  use  of  more  than  25  per  cent  domestic  flake  graphite  in 
crucible  graphite  mixtures.  It  was,  therefore,  fitting  that  the  Bureau 
of  Mines  should  thoroughly  investigate  not  only  the  use  of  domestic 
flake  in  crucible  manufacture,  but  also  the  methods  of  manufacturing 
cmcibles  from  such  graphite. 

The  future  of  the  graphite  industry  and  the  effect  of  improve- 
ments and  changes  in  the  brass  and  steel  industries  have  been  well 
outlined  by  Ferguson.*  If  new  and  increasing  uses  can  be  developed 
for  graphite,  it  may  be  possible  through  the  manufacture  of  graphite 
articles  of  commerce  in  the  various  mining  districts  to  establish  the 
dmnestic  mining  industry  on  a  firmer  basis  than  is  possible  with 
many  small  (^crating  units  that  produce  only  crucible  stock.  The 
by-products,  No.  2  flake  and  graphite  dust,  which  are  drugs  on  the 
present  market,  would  then  be  of  value.  The  graphite-mining  in- 
dustry made  a  hearty  respcHise  to  the  market  for  crucible  grades 
created  by  the  request  of  the  War  Industries  Board,  and  it  would  be 
unfortunate  if,  with  the  reestablishment  of  peace,  this  industry 
should  revert  to  its  prewar  basis. 

GKAPHITE  nn>1TSTET  IH  AT.ABAKA. 

PLANTS. 

There  are  39  plants  in  the  three  graphite-producing  counties  of 
Alabama :  Clay,  Coosa,  and  Chilton.  About  October  1, 1918,  four  of 
these  plants  were  in  course  of  erection  and  fourteen  were  temporarily 
closed  because  of  changes  in  method  of  treatment  or  because  of  plant 
fires.  A  little  over  half  of  the  plants  were  then  operating,  and  only 
six  were  running  full  time.  After  the  cessation  of  hostilities  pro- 
duction fell  rapidly,  and  in  June,  1919,  probably  not  more  than  half 
a  dozen  plants  were  in  operation. 

As  this  industry  developed  chiefly  during  1917  and  1918,  operating 
difficulties  still  occur. 

The  plants  enumerated  have  actual  operating  capacities  ranging 
from  4  to  15  tons  an  hour,  but  the  rated  capacities  are  about  double 
these  figures. 

O&E  HINEB  AVB  KXITHODS  OF  mKINO. 

The  graphite  occurs  in  the  Talladega  schist  and  is  accompanied 
by  quartz,  feldspar,  mica,  other  accessory  minerals,  and  alteration 
products.  Only  the  upper  30  to  60  feet  of  the  graphite  schist  is 
mined.  This  consists  of  decomposed  and  weathered  schist  and  is  nor- 
mally rather  soft  and  easily  broken,  while  the  unweathered  schist  or 

•Fergnson,  H.  O.,  Graphite  In  1017:  Mineral  Reaovroes  U.  S.,  1917»  U.  S.  Geol.  Sor- 
rej,  1018,  pp.  97-119^ 
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*'  blue  rock  "  is  comparatively  hard  and  contains  considerable  pyrite. 
For  this  reason,  operators  are  loath  to  work  the  "  blue  rock."  Ala- 
bama ore  contains,  as  far  as  is  known,  no  amorphous  graphite. 

The  ore  is  covered  with  1  to  6  feet  of  overburden.  This  carries 
some  graphite,  but  contains  so  much  clay  and  vegetable  matter  that 
it  is  removed  and  dumped  as  waste  to  obviate  milling  difficulties 
caused  by  the  presence  of  these  materials.  The  stripping  is  done 
with  plows,  scrapers,  and  wheelbarrows,  and  does  not  involve  much 
labor  or  expense. 

All  of  the  companies  have  open-pit  workings.  Machine  drills 
are  employed  at  only  one  mine,  where  self -rotating  hammer  drills  of 
the  jackhammer  type  are  used  to  drill  holes  15  feet  in  depth.  All 
other  drilling  is  done  by  means  of  a  "jumper"  drill,  holes  being 
drilled  8  to  30  feet  deep.  All  blasting  is  done  with  black  powder. 
The  deeper  holes  are  chambered  with  dynamite  or  blasting  gelatin. 

The  broken  ore  is  loaded  into  cars  by  hand,  or  by  steam  shovels 
with  a  dipper  capacity  of  five-eighths  of  a  cubic  yard.  With  hand 
loading,  end-dump  or  side-dump  cars  of  1  to  If  ton  capacity  are  em- 
ployed. With  steam  shovels,  side-dump  contractors'  cars  of  4  to  5 
ton  capacity  are  used.  About  one- fourth  of  the  plants  in  this  district 
are  so  situated  as  to  necessitate  hoisting  ore  out  of  the  open  pit  to 
the  mill.  At  the  plants  in  which  the  crude  ore  enters  the  mill  by 
gravity,  hand  tramming  is  employed,  except  where  the  open  pit 
is  situated  at  a  considerable  elevation  above  the  mill :  in  such  plants, 
boxed  chutes  with  hand  tramming  or  gravity  planes  are  used.  Bal- 
anced hoisting  is  used  in  only  three  or  four  plants.  At  one  plant,  a 
narrow-gage  railroad  transports  ore  from  the  open  pit  to  the  mill. 

The  absence  of  enough  storage  room  at  the  head  of  the  mill  or  at 
some  point  between  the  open  cut  and  the  mill  is  practically  gen- 
eral in  the  district.  Only  a  small  proportion  of  the  plants  have  stor- 
age capacity  sufficient  to  permit  the  accumulation  of  enough  ore  to 
run  one  shift  of  10  hours,  the  majority  of  plants  having  storage  ca- 
pacity to  enable  milling  to  continue  only  for  a  half  shift.  Mining  is 
carried  on  in  the  open  and  is  dependent,  to  a  certain  degree,  on 
the  weather.  Shut-downs  in  the  mills,  owing  to  operating  troubles,, 
are  fi-equent.  The  result,  therefore,  of  the  lack  of  storage  is  a  loss 
of  operating  time,  the  elimination  of  which  would  soon  pay  for  the 
installation  of  adequate  storage.  This  p»oint  can  not  be  too  strongly 
urged  for  these  small,  and,  mostly,  single-unit  plants. 

The  ore  in  Alabama  averages  about  2J  per  cent  graphitic  carbon. 
From  this  is  obtained  generally  three  products — No.  1  crucible  flake, 
No.  2  flake,  and  dust.  The  aim  in  concentrating  is  to  recover  as  much 
as  possible  of  the  No.  1  flake,  analyzing  85  per  cent  graphitic  carbon 
and  remaining  on  a  No.  8  silk  cloth  of  86  mesh.    No.  2  flake,  analyz- 
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ing  75  to  80  per  cent  graphitic  carbon  and  of  finer  size  than  the  No.  1 
flake,  is  a  by-product  grade  for  which  the  market  is  limited.  The 
dust  analyzes  30  per  cent  or  more  graphitic  carbon  and  is  a  greater 
drug  on  the  market  than  the  No.  2  flake.  Hence,  the  problem  of  ore 
dressing  is  complicated  by  the  necessity  of  recovering  as  much  as 
possible  of  the  graphite  in  the  ore  in  such  form  as  to  be  marketable 
as  No.  1  flake.  The  measure  of  efficiency,  therefore,  in  graphite 
milling  is  not  the  percentage  of  recovery  but  the  number  of  pounds 
of  No,  1  flake  recovered  per  ton  of  ore. 

Unfortunately  graphite  plants  do  not  make  a  practice  of  analyzing 
their  mill  heads.  It  is  impossible  therefore,  to  establish  a  relation 
between  the  total  content  of  graphite  in  the  ore  and  .the  amount  re- 
covered as  No.  1  flake.  Average  figures  as  to  the  actual  production 
per  ton  of  ore  are  stated  on  page  27. 

The  by-product  grades  can  readily  be  used  in  the  manufacture  of 
lubricating  flake,  paint  stock,  foundry  facings,  stove  polish,  etc.,  but 
the  demands  of  plants  manufacturing  these  products  are  not  large 
and  the  market  does  not  absorb  all  the  No.  2  flake  and  dust  produced. 

CBUSHING    METHODS. 

Many  different  crushing  machines  and  combinations  are  used  in 
Alabama  in  the  dressing  of  graphite  ore.  The  coarse  crusher  most 
commonly  used  is  a  jaw  crusher  of  the  Blake  or  Dodge  type  that  re- 
duces the  ore  to  about  1^  inch  size.  In  some  plants,  a  toothed  im- 
pact roll  is  used  for  coarse  crushing.  In  plants  where  dry  material 
is  crushed  fine,  rolls,  dry  muUers,  or  Symons  disk  crushers  are  used 
to  reduce  the  material  to  final  treatment  size  which  is  about  ^  or  ^ 
inch.  For  fine  crushing  in  plants  in  which  an  oil-froth  flotation 
method  of  concentration  is  used,  coarse  crushing  is  followed  by  some 
type  of  rotating  mill,  ball  mill,  pebble  mill,  or  rod  mill.  These 
machines  are  sometimes  preceded  by  a  Symons  disk  crusher. 

CONCENTBATION  METHODS. 

There  are  four  methods  of  concentrating  graphite  ores,  water 
"  skin-flotation,"  the  pneumatic  process,  the  log-washer  process,  and 
oil- froth  flotation. 

The  extent  to  which  these  various  processes  are  used  in  Alabama 
is  as  follows,  the  figures  including  plants  that  contemplate  putting 
in  those  systems  under  which  they  have  been  classified:  The  skin- 
flotation  washer  system  is  used  in  twelve  and  one-half  plants.  One 
of  the  plants  consists  of  two  units,  one  of  which  is  the  Minerals 
Separation  oil-froth  flotation.  The  pneumatic  system  is  used  in 
three  plants,  the  log-washer  system  in  two  plants,  and  oil-froth 
flotation  systems  in  twenty-one  and  one-half  plants. 
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WATER  "  SKIN  FLOTATION." 

In  the  water  "  skin  flotation  "  system,  a  typical  flow  sheet  of  which 
is  shown  in  figure  1,  the  ore  is  crushed  dry  to  -^  or  A  inch.    It  is 
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Trommel  (l}-inch  openings) 
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4r 

Rotary  drier  with  fan 


Bucket  elevator 
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Bucket  elevator  Sand  Middlings 

(1.33  per  cent  carbon) 

1 

Dump 


Dust 


i  .i 
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Over     Under  t 
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^      I 
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Over  Through 

(69.82  per  cent  carbon)      i 

Draining  bins  Dump 

Steam-pan  drier 
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FiauRX  1.— Flow  sheet  of  water  "sUn  aotaUan''  system. 

then  sent  through  a  rotary  drier,  screened,  and  passed  over  an  air 
separator  where  it  is  classified  into  three  products — ^  scalpings  "  or 
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tailings,  that  go  to  the  waste  dump;  middlings,  that  form  the 
^washer''  feed;  and  fines,  that  are  generally  treated  on  a  separate 
group  of  **  washers.^  The  middlings  plus  the  fines,  which  form  50 
to  65  per  cent  of  the  crude  ore,  go  to  a  bin  for  fine  ore,  and  are  fed 
to  ^  surface-tension ''  washers  where  the  graphite  and  some  of  the 
mica  are  floated  off,  on  the  surface  film  of  water.  The  gangue  min- 
erals are  wet  by  the  water,  sink  to  the  hutch  of  the  washer,  and  are 
discharged  to  the  tailings  launder.  The  rough  graphite  concentra^ 
is  then  dewatered  on  a  tronimel  or  shaking  screen,  which  also  re- 
moves both  the  graphite  too  fine  to  make  No.  1  flake  and  the  fine 
sand  that  has  been  carried  over  into  the  concentrates  by  the  film 
formed  by  the  graphite  on  the  surface  of  the  water.  The  dewatered 
concentrate,  a  dry  sample  of  which  analyzes  40  to  60  per  cent  gra- 
phitic carbon,  is  then  dried  in  a  rotary  or  steam-pan  drier  and  sent 
to  the  finishing  plant.  Average  figures  for  the  amount  of  rough  con- 
centrate recovered  per  ton  of  ore  are  not  available,  but  depend  of 
coui*se  in  large  measure  upon  the  grade  of  ore  and  of  concentrate. 

The  types  of  screening  and  air-classifying  apparatus  used  differ 
widely,  and  many  of  them  are  unique.  Newaygo  and  "  whip-tap  " 
screens  are  most  popular,  but  other  types  of  impact  and  shaking 
screens  are  used,  as  well  as  hexagonal  trommels.  Most  of  the  air- 
classifying  apparatus  is  individually  designed  and  erected,  and 
gives  results  that  seem  to  be  efficient.  Practically  nothing  has  been 
done  to  check  up  the  work  of  this  class  of  machine ;  its  operation  is 
judged  entirely  by  looking  at  the  products  without  having  even  the 
"  scalpings  "  analyzed.  So  far  as  is  known,  no  sufficient  quantity  of 
No.  1  flake  would  be  recovered  to  justify  additional  treatment,  with 
a  view  to  obtaining  more  No.  1  flake  from  these  "  scalpings." 

The  result  of  sampling  crude  ore,  or  crude  concentrates,  and 
'*  scalpings "  is  shown  in  the  table  following.  All  samples  were 
analyzed  at  the  Pittsburgh  experiment  station  of  the  Bureau  of 
Mines. 

Results  of  operation  of  air  daasifler, 
[figans  repnoseot  peroentages  of  graphitic  carbon . I 


Heading. 

Qrapbltic 

carbon,  per 

cent. 

Graphitic 
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peroent!' 
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T'irst  {THTiplft  T 

3.45 
2.55 

62.80 

1.35 
1.01 

4.68 
l.«3 

Second  saoBDle 

Operating  on  erode  oanceotratei : 
TlTBt  sample 
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There  are  three  types  of  "  skin  jflotation  "  washers  sufficiently  dis- 
tinct in  principle  to  permit  individual  description.     Figures  2,  3, 

and  4  illustrate  the  underly- 
ing principles  in  design.  The 
dimensions  given  are  esti- 
mates and  not  actual  measure- 
6  ments. 


l-e'-H/^ 


FiQUBB  2. — Section  through  orlglxial  Monro 
washer  (dimensions  Indicated  are  approxi- 
mate), a,  stock  bin;  h,  feed  cylinder  (2-inch 
revolving  shaft)  ;  c,  lake  8  Inches  Wide ;  d, 
baffle  inclined  50"  to  65"  from  horisontal,  10 
Inches  long ;  f,  collecting  launder,  into  which 
graphite  Is  carried  over  an  apron  from  c;  g, 
water  Inlet ;  h,  hutch  spigot. 


MUNRO    WASHES. 

The  Munro  washer  is  a  rec- 
tangular washer  in  which  the 
feed  drops  from  the  feed  cyl- 
inder to  an  inclined  flat  baffle 
and  thence  to  the  water  film 
that  carries  the  graphite  to 
the  collecting  launder  and 
permits  the  gangue  to  sink  to 
the  hutch.  These  washers  are 
built  in  units  about  4  feet 
long,  placed  end  to  end  and 
back  to  back. 


COLMEB    WASHER. 


The  Colmer  washer  is  a  circular  washer  with  a  conical  feed  baffle. 
Tlie  ore  falls  from  the  baffle  on  a  revolving  circular  disk  with  ribs 
cast  on  it.  The  tangential 
motion  thus  imparted  to 
the  ore  is  intended  to  assist 
in  carrying  off  the  graphite 
by  reducing  the  tendency  of 
the  falling  particles  to  rup- 
ture the  surface  film  of 
water.  Some  operators 
claim  that  better  results  are 
obtained  with  this  washer 
by  keeping  the  disk  station- 
ary, relying  on  the  disk 
solely  to  change  the  direc- 
tion of  travel  of  the  par- 
ticles of  ore.  These  opera- 
tors claim  that  the  tangen- 

x-    1          .•           •          1       XI  FiGUEE   3. — Section    through   Colmer   washer    (not 

tial  motion  given  by  the  re-  drawn  to  scale),     a,  ore  bin  ;   ^,  f^  pIpeV  c, 

volving     disk     produced     a  ^^^^   ^eed   plate;   a,  revolving   disk;   c,  lake 

-                              ,    ^  about  9   inches   wide;   /,   collecting  launder;   g, 

lower-grade  concentrate  ^«tch  spigot;  h,  water  Inlet;  «,  shaft;  i,  policy 

than  wn<?  nlitniTiArl  Ktt  Irpar.  '°^  rotating  disk;   1c,  ribs.     A.  detail  of  disk  A 

man  was  ODtainea  Dy  Keep-  (about  18  inches  in  diameter). 
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ing  the  disk  stationary.    As  shown  in  figure  8,  the  washer  is  about  42 
inches  in  diameter. 

NEW  Mt7NllO  WABHXB. 

The  new  Munro  washer  (fig.  4),  which  also  is  circular  in  shape, 
is  6  to  12  inches  larger  in  diameter  than  the  Colmer,  most  of  this 
increase  in  size  being  taken  up  by  increasing  the  width  of  the  ^  lake." 
In  the  Munro  washer,  the  treatment  water  is  forced  through  an 
annular  opening,  formed  by  placing  a  cast-iron  cover  over  a  bell- 
mouth  casting  which  is  attached  to  the  feed-water  pipe.  This  washer 
does  away  with  the  me- 
chanical motion  of  the 
Colmer  type.  It  is  diffi- 
cult, however,  to  keep  an 
unobstructed  flow  of 
water  through  the  annu- 
lar opening. 

PNEUMATIC  PROCESS. 

In  the  treatment  of 
graphite  ores  by  the 
pneumatic  process,  pneu- 
matic apparatus  is  used 
throughout.  A  typical 
flow  sheet  for  this  sys- 
tem is  not  given,  because 
the  system  has  been  suc- 
cessful in  only  one  milL 
The  details  of  the  opera- 
tion of  this  plant  can  not 
be  made  public. 

IX)0-WASHER    PROCESS. 


FiousB  4.^Scctloii  ot  new  Munro  washer  (not  drawn 
to  Bcale;  lake  abont  12  Inches  wide),  a.  Stock  bin ; 
b,  feed  pipe ;  o,  conical  feed  plate ;  d,  cover  plate ; 
e,  set  screws  for  regalating  width  of  opening;  f, 
annular  opening;  g,  bell  mouth;  h,  collecting 
launder ;  i,  hutch  spigot ;  f,  feed- water  pipe. 


A  typical  flow  sheet  of 
the  log- washer  process  is 
shown  in  figure  5.  In 
this  method  of  treatment  the  crude  ore  is  crushed  and  screened 
without  drying.  It  is  then  treated  in  log  washers,  kerosene  oil 
being  added  to  the  water  in  the  apparatus.  The  concentrates  are 
screened,  washed  on  a  cement  floor,  drained,  and  dried.  This  system 
eliminates  the  expensive  preliminary  drying  of  the  crude  ore,  neces- 
sary with  the  water  "  skin  flotation." 

The  simplicity  and  effectiveness  of  this  plant  are  clear  to  the 
observer.    The  grade  of  rough  concentrate  made  is  excellent  and  the 
only  important  loss  occurs  in  the  coarse-sand  tailings,  which  with 
136e51*— 20 2 
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regrinding  mi^t  be  made  to  yield  more  flake  graphite.  A  test  of 
the  coarse-sand  tailings,  in  the  same  way  that  has  been  si^gested 
under  the  discussion  with  reierenoe  to  the  ^  scalpings ''  of  air  classi- 
fiers, would  determine  the  desirability  of  regrinding.  Tlie  fine-sand 
tailings  are  remarkably  free  from  detached  flakes  of  graphite. 

OIL-FSOTH  FIXyrATION  SYSTEMS. 

• 

The  majority  of  the  graphite  plants  in  Alabama  have  installed 
some  type  of  oil-froth  flotation  cell.  Eight  plants  have  installed 
the  Callow  pneumatic  cells,  four  have  installed  the  Simplex  type  of 
cell,  three  and  one-half   (a  two-unit  plant  has  one  skin-flotation 

Ore  bin 

No.  5  Champion  jaw  crusher 

Dry  muUer  (A-inch  ecreen) 

Bucket  elevator      Add  water 

Distributing  screw  conveyor     Add  kerosene  oil 

Four  sets  of  log  washers  of  two  each  (S.31  per  cent  carbon) 

I 
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i  i 

Dump  Three  hexagonal  troimneLs 

i  ^ 

Through  Over  (31.73  per  cent  caxiKm) 
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Heavy  material  (aandy)    Light  material  (conooKlrates;  18.8  per  oemt  carbon) 

Draining  bin 

i 
Dump  Steam-pan  drier 

FionnB  5,-~¥l<fir  sheet  of  log-washer  prooess. 


en 

1 


washer  system)  have  installed  the  Minerals  Separation  cells,  and  six 
plants  have  installed,  or  intended  to  install,  homemade  cells  or 
washers  combining  some  of  the  principles  of  these  processes. 

The  chief  difficulty  with  oil- froth  flotation  systems  is  in  the  loss  of 
the  large  flake.  In  recovering  the  large  flake,  so  low  grade  a  concen- 
trate is  obtained  that  an  added  burden  is  placed  on  the  finishing 
plant.  There  is  no  difficulty  in  obtaining  a  high  recovery  of  the 
high-grade  dust,  but  there  is  at  present  no  ready  market  for  this 
character  of  material.  The  best  results  obtained  in  the  district  are 
from  the  homemade  cells  or  washers  mentioned. 
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In  both  the  Minerals  Separation  and  the  Callow  systems,  fine 
crushing  is  accomplished  bj'  Marcy,  Lehigh,  Marathon,  or  Hardinge 
ball  or  pebble  mills.  In  practically  all  of  the  plants  in  which 
these  two  systems  have  been  installed,  water  classifiers  of  the  Deistei* 
or  Gemmell  type  are  used.  Two  plants  have  Dorr  classifiers.  For 
dewatering  the  rough  concentrate,  vacuum  filters  of  the  Portland  or 
Oliver  type  are  generally  used  rather  tlnin  shaking  screens. 


MINEBAL8  SEPABATION  SYSTEM. 


A  typical  flow  sheet  of  the  Minerals  Separation  system  is  shown  in 
figure  6.    Assay  results  for  this  system  are  not  available. 


CALLOW    PNEUMATIC    SYSTEM. 


A  typical  flow  sheet  of  the  Callow  pneumatic  system  is  shown  in 
figure  7.  This  system  has  received  gi'eater  development  in  the 
Alabama  district  than  any  other  oil-froth  flotation  system.  At  one 
plant  the  tailings  from  the  Callow  cells  are  treated  in  an  improvised 
washer  with  satisfactory  recovery. 

Samples  obtained  in  Callow  plants  did  not  make  a  good  showing, 
chiefly  because  of  the  physical  difficulties  in  taking  them.  The  re- 
sults of  sampling  follow : 

Resulttf  of  operation  of  Callow  pi^umaiie  eeUs. 
[Figures  represent  pM^centagies  of  s^spbitlc  carbon.] 


Test. 

Crado  ore. 

ceutrates. 

Tailings. 

No.  1 : 

No.2 

No.  3 

2.24 

Sanpietot 

43.66 

52.59 

57  to  80 

Sample  "Mdte<t." 
No  sampJes  poMibic. 
0.5  to  a9. 

No  sample  token  a 

a  At  this  plant  the  flakeseominiErlv  h  beinf  5U>>jected  to  excessive  grinding,  with  the  production  of  a  large 
quantity  of  graphite,  which  will  not  produce  Now  1  ttakeL 

SIMPLEX   SYSTEM. 

The  Simplex  system  includes  crushing  as  well  as  concentration. 
The   crushing  apparatus  has  no  partkular   advantage  over  other, 
crushing  machmery  but  the  concentration  method   appears  to  be 
efficient. 

In  this  system,  the  pulp  comes  unclassified  to  the  center  of  an 
elliptieal  washer  on  the  surface  of  which  jets  of  water,  with  flota- 
tion oils,  are  forced  at  a  pressure  as  high  as  40  pounds  per  square 
inch.  Tlie  jet  of  water  entrains  air,  and  a  froth  is  formed  which 
floats  the  graphite  over  the  side  of  the  washer,  while  the  gangue 
drops  to  the  hutch. 
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FioURB  6.— Flow  sheet  of  Minerals  Beparation  system. 
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A  typical  flow  sheet  for  a  plant  of  this  type  is  shown  in  figure  8, 
and  a  sketch  of  a  section  through  the  washer  is  shown  in  figure  9. 

In  various  mills  in  Alabama,  Wilfley  and  Deister  tables  are  being 
installed  to  raise  the  grade  of  the  rough  concentrate  and  to  remove 
gangiie  from  the  concentrate  fed  to  the  finishing  plant.  The  gangue 
wears  the  surfaces  of  the  buhr  stones,  thus  necessitating  their  more 
frequent  dressing,  an  o{>eration  that  i&  both  tedious  and  expensive. 
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At  one  of  the  plants,  concentrates  from  a  table  are  treated  in  an 
improvised  pebble  mill.  The  dust  is  then  removed,  and  the  material 
is  passed  through  a  series  of  screens,  producing  No.  1  flake  ready 
for  market. 

The  most  important  consideration  as  regards  the  use  of  concen- 
trating tables  is  their  capacity.  As  tl>e  use  of  tables  in  this  district 
is  still  in  the  experimental  stage,  reliable  data  as  to  the  success  of 
this  new  practice  is  not  available. 
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BEFEKIHa  MBTHOPS. 

The  rough  concentrate  as  it  comes  from  the  concentrating  plant 
contains  a  minimum  of  40  per  cent  graphitic  carbon.  In  some  plants, 
this  crude  concentrate  analyzes  as  high  as  75  per  cent  graphitic  car- 
bon, although  the  usual  proportion  is  40  to  60  per  cent.  The  im- 
purities are  quartz,  mica,  wood  fiber,  etc.  Material  of  this  character 
is  not  readily  marketable  except  at  prices  "far  below  those  obtained 
for  No.  1  flake ;  moreover,  the  market  for  crude  concentrate  is  limited. 
These  conditions,  therefore,  necessitate  the  refining  of  crude  concen- 
trate to  No.  1  flake,  containing  85  per  cent  graphitic  carbon,  and 
remaining  on  a  No.  8  silk  cloth  of  about  86  mesh. 


FiGCRE  9. — Section  of  Simplex  washer  (not  drawn  to  scale;  major  axis  is  about  6  feet 
and  minor  axis  about  3i  feet),  c.  Spigots,  i  to  8  inch  orifice,  water  and  oil  under 
pressure;  f>,  collecting  launder;  c,  screen  baffle;  d,  hntch  spigots;  e,  feed  water. 

Microscopic  examination  shows  that  the  graphite  flakes  consist  of 
thin  laminae  of  graphite  and  that  present  between  the  laminae  are 
associated  minerals,  chiefly  quartz  and  mica,  which  must  be  elimi- 
nated.   There  are  two  general  methods  of  refining: 

(1)  If  the  crude  concentrate  comes  to  the  finishing  plant  with 
most  of  the  impurities  still  interlaminated  with  or  attached  to  the 
graphite,  grinding  in  a  pebble  or  buhr  mill  is  necessary  in  order  to 
loosen  the  graphite  from  the  imparities. 

(2)  On  the  other  hand,  if  the  crude  oonoentrate  comes  to  the 
finishing  plant  with  the  larger  part  of  impurities  as  detached  par- 
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tides,  refining  can  be  done  pneumatically  or  with  electroetatic  ma- 
chines. Where  this  method  is  employed,  crashing  in  the  concen- 
trating plant  has  been  of  such  a  character  as  to  accomplish  what  is 
usually  done  in  the  finishing  plant  with  the  buhr  or  pebble  miU. 

The  first  method  is  the  one  most  generally  used ;  the  second  method 
is  used  in  only  two  plants,  and  its  application  is  not  broad  enough 
to  warrant  more  detailed  description  at  this  time. 

A  flow  sheet  of  a  refining  plant  using  the  first  method  is  shown 
in  figure  10.    This  flow  sheet  is  not  typical  because  most  plants  are 
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FiouRB  10.— Flow  sheet  of  graphite  refining  plant. 


quite  dissimilar,  but  it  represents  in  a  general  way  the  underlying 
principles  governing  refining. 

AIR  CLASSIFICATION. 

Air  classification  is  used  in  most  of  the  refining  plants  and  forms 
an  important  step  in  the  refining  process.  Figure  11  shows  sketches 
of  air  classifiers.  Such  apparatus  is  usually  improvised.  So  far 
as  is  known  no  experimental  work  has  been  done  by  the  large  ma- 
jority of  operators  with  a  view  to  determining  the  most  efScient 
proportions  and  shape  for  this  device. 
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In  principle  air  suction  created  by  a  fan  at  the  back  end  of  each 
chamber  is  applied  to  a  falling  stream  of  graphite  ore  or  concen- 
trate. The  heavier  material,  quartz  gi*ains  with  attached  graphite, 
is  practically  unaffected  by  the  air  suction,  and  falls  into  the  hopper 
farthest  from  the  fan.  The  lighter  particles  are  drawn  nearest  the 
fan,  which  sucks  the  finest  dust  into  the  atmosphere.    When  this 


Air  current 
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•zo'- 


Air  current 


A     K-3M 


FiGURii  11. — ^Two  tj-pes  of  air  dassiflere  (not  drawn  to  scale),  a,  Stock  bin;  h,  feed 
shaft ;  c,  fan ;  d,  baflBes.  Three  sets  of  hoppers  are  provided  for  the  three  products 
usually  made. 

apparatus  is  used  on  crude  concentrates,  the  middlings — which  in- 
clude the  heaviest  flake — form  No.  1  flake  stock,  going  to  the  No.  1 
buhr  mills;  the  finer  material  nearest  to  the  fan  is  screened  to  re- 
move as  much  finished  No.  1  flake  as  possible. 

In  all  refining  methods  the  following  steps  are  taken  to  facilitate 
the  highest  possible  recovery  of  No.  1  flake : 
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1.  All  du8t  is  eliminated  from  the  circuit  as  soon  as  practicable. 

2.  No.  1  flake  is  removed  from  the  system  as  soon  as  it  has  been 
made. 

3.  As  little  concentrate  as  possible  is  sent  to  the  grinding  appa* 
ratus. 

For  analyses  of  products  see  discussion  of  air  classification  under 
"  Concentration  Methods,"  page  15. 

RECOVERY  OF  FIKISHED  PRODUCTS. 

In  discussing  recovery  in  graphite  plants  it  should  be  pointed  out 
that  the  individual  plants  are  small  mills  in  which  systematic 
sampling  and  weighing  of  products  are  not  regularly  employed. 
No  data,  therefore,  are  available  as  to  the  extraction  obtained  at 
various  stages  of  concentrating  and  refining.  It  is  impossible,  also, 
to  state  where  the  gi*eatest  losses  occur  in  these  operations  except 
from  observation  and  rough  sampling  in  the  field.  The  results  of 
this  sampling  are  indicated  wherever  practicable  on  the  flow  sheets 
presented  herein ;  the  points  at  which  the  greatest  losses  occur  have 
also  been  indicated. 

The  only  products  actually  weighed  and  sampled  are  the  finished 
products.  It  would  be  entirely  feasible  to  sample  regularly  the 
crude  ore,  the  tailings  from  the  roughing  mill,  and  the  crude  con- 
centrates. Various  other  products  could  be  sampled  from  time  to 
time,  and  this  work  would  amply  repay  the  trouble  of  sampling. 

Recoveries  of  finished  materials  are  as  follows: 

1.  No.  1  flake  analyzing  85  to  90  per  cent  graphitic  carbon  and 
remaining  on  a  No.  8  (86-mesh)  or  a  No.  12  (125-mesh)  silk  cloth — 
the  smaller  flake  being  obtained  when  a  90  per  cent  graphite  is 
produced :  10  to  30  pounds  is  obtained  per  ton  of  ore.  The  average 
is  about  19  pounds. 

2.  No.  2  flake,  analyzing  75  to  80  per  cent  graphitic  carbon  and 
passing  through  the  meshes  above  mentioned:  2  to  15  pounds  is 
obtained  per  ton  of  ore.    The  average  is  about  5  pounds. 

8.  Dust,  analyzing  30  per  cent  or  more  in  graphitic  carbon:  An 
average  of  about  3  pounds  per  ton  of  ore  is  obtained. 

If  there  were  a  market  for  No.  2  flake  and  dust,  a  greater  recovery 
of  these  materials  per  ton  of  ore  could  be  made. 

The  recover^'  percentages  for  all  products  are  shown  in  the  table 
following,  which  represents  average  milling  practice  in  the  district : 
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Data  shoxomf  average  recoveries  of  (fraphite  products  in  Alabama  mills. 
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The  amount  of  No.  1  flake  produced  per  man  per  hour  ranges 
from  4|  to  8  pounds,  and  averages  about  6  pounds,  figured  on  the 
total  number  of  men  and  officials  employed.  Proportionate  quanti- 
ties of  No.  2  flake  and  dust  are  obtained.  There  is  no  definite  advan- 
tage apparent  from  figures  obtained  from  the  different  classes  of 
plants.  The  outputs,  of  course,  depend  to  a  large  extent  on  the 
amount  of  graphite  originally  present  in  the  ore,  so  that  although, 
these  figures  are  an  index  of  costs,  they  can  not  be  used  as  a  measure 
of  comparative  efficiency. 

COKPABATIVS  COST  01*  KRSCTIlia  PULNT& 

The  cheapest  type  of  plant  to  install  is  that  using  a  log  washer, 
and  this  is  probably  the  cheapest  to  run.  No  figures  are  available  as 
to  either  initial  or  operating  costs  for  a  plant  of  this  kind. 

For  a  plant  capable  of  treating  10  tons  per  liour,  the  initial  cost 
ranges  from  $35,000  to  $60,000  erected,  not  including  that  of  a  finish- 
ing plant,  which  would  add  $6,000  to  $10,000  more  to  the  cost. 

FIBLD  8AJCPIJVQ. 

In  the  flow  sheets  accompanying  this  report,  available  assays  of 
samples  taken  in  the  field  have  been  inserted,  and  these  give  some 
idea  as  to  the  relative  efficiency  of  different  methods  of  milling  and 
of  steps  in  the  rariouB  processea  In  many  instances  where  assays 
have  been  omitted,  no  samples  were  taken ;  and  stHuetimes  the  sam- 
ples taken  were  lost  either  in  transit  or  in  drying  in  the  field,  or  the 
assay  results  were  inconclusive  because  of  the  difficulty  of  getting  a 
r^resentative  sample  in  the  plant.  ^ 

OKAPHiTE  nmirsTBY  iir  new  YOSK 


The  mining  of  graphite  in  New  York  was  started  about  60  years 
ago.    This  State  for  many  years  produced  more  graphite  than  any 
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Other,  but  since  1915  has  yielded  first  place  to  Alabama,  where  the 
growth  of  the  industry  has  been  remarkably  rapid. 

In  1918  there  were  three  mines  in  operation,  namely,  the  mine  of 
the  Graphite  Products  Corporation,  8  miles  north  of  Saratoga 
Springs;  Hooper  Bros,  mine,  4  miles  west  of  Whitehall;  and  the 
mine  of  the  American  Oraphite  Co.,  worked  by  the  Joseph  Dixon 
Crucible  Co.,  4  miles  west  of  Hague. 

OCCTIBBENCE  07  ORE, 

In  New  York  the  ore  averages  4  to  6  per  cent  graphitic  carbon 
as  compared  with  2^  per  cent  in  Alabama.  There  are  two  important 
types  of  graphite  deposits  in  the  Adirondack  foothills  of  New  York — 
those  on  the  contact  of  a  limestone  and  pegmatite,  and  those  on  the 
contact  of  the  Hague  garnet-sillimanite  gneiss  with  the  Faxon  lime- 
.  stone  or  Swede  Pond  gneiss.  In  deposits  of  the  former  type,  large 
flakes  of  graphite  are  obtained,  but  such  deposits  are  extremely 
pockety,  and  their  development  has  not  been  profitable.  Present 
production  is  from  the  second  type  of  deposit,  in  which  the  ore  is 
quite  regular  and  is  of  a  more  uniform  grade. 

The  ore  on  the  whole  is  much  harder  and  more  siliceous  than  the 
Alabama  ore  and  resembles  in  many  respects  the  unweathered  ^^  blue 
rock  '^  of  Alabama,  the  oiiginal  bluish  Talladega  schist. 

MINING  METHODS. 

Graphite  ore  is  mined  in  New  York  both  in  open  pits  and  under- 
ground. The  larger  part  of  the  ore  comes  from  underground  min- 
ing. All  drilling  is  done  with  power  drills.  On  account  of  the  sili- 
ceous character  of  the  ore,  a  greater  quantity  of  fines  is  produced 
during  crushing  than  is  obtained  in  Alabama.  The  ore-bearing  zone 
is  usually  not  over  25  feet  thick  and  averages  about  15  feet. 

OPEN-Prr  MINING. 

Wherever  possible,  the  open-pit  system  of  mining  is  used  because 
of  the  ease  and  cheapness  of  preparing  an  open  pit,  where  there  is  no 
excessive  amount  of  overburden  that  requires  stripping. 

UNDERGROUND  MINING. 

The  deposits  dip  26°  to  35°  so  that  it  soon  becomes  necessary  to  go 
under  cover  for  the  ore  in  the  course  of  the  development  of  any  mine. 
This  has  its  advantage  in  the  North  because  of  the  long  and  severe 
winters  which  hamper  open-cut  work. 

The  system  of  underground  mining  at  the  largest  mine  in  the 
district  is  the  room-and-pillar  method  with  underhand  stoping.  In 
new  developments  in  the  district,  a  definite  system  of  mining  has 
not  as  yet  been  determined. 
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A  flow  sheet  of  one  of  the  plants  in  New  York  is  given  in  figure 
12.  In  this  plant  gravity  stamps  are  used  as  fine  crushers  and  ^^bud- 
dies"  as  concentrating  machines.  Concentrating  tables  are  used  for 
treating  '^huddle"  middlings,  whereas,  in  Alabama  they  are  to  be 
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FioxTBi  13.— Flow  sheet  of  New  York  conoentnting  plant. 

employed  in  raising  the  grade  of  rough  concentrates  preparatory  to 
treatment  in  the  finishing  mills. 

With  crude  ore  that  analyzed  7.95  per  cent  graphitic  carbon, 
^  huddle  "  tailings  analyzed  3.60  per  cent  C.  Tailings  from  various 
other  machines  analyzed  3.96  to  9.95  per  cent  C,  the  latter  product 
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consisting  of  the  fines  through  the  nnigh  concentrate  tix>mmel.    The 
crude  concentrate  analyzed  76.81  per  cent  graphitic  carbon. 

It  should  here  be  noted  that  the  "buddle"  is  being  replaced  at  the 
Jos.  Dixon  Crucible  Co.  plant  by  a  system  of  oil  flotation.  As  the 
product  from  this  mine  goes  into  the  manufacture  of  materials  other 
than  crucibles,  it  is  desirable  to  get  as  high  a  recovery  of  graphite 
of  various  grades  as  possible  per  ton  of  ore. 

KEFIHINa  METHODS. 

Befining  methods  do  not  differ  greatly  from  methods  used  in 
Alabama  plants.  One  variation  is  the  use  of  the  Hooper  air  jig 
instead  of  air  classification.  The  <?hief  disadvantage  ascribed  to 
this  jig  is  its  small  capacity. 

The  American  Graphite  Co.  refinery  at  Ticonderoga  prepares 
foreign  and  domestic  graphite,  both  amoi^hous  and  crystalline,  for 
use  in  the  manufacture  of  commercial  articles,  such  as  paints,  foun- 
dry facings,  pencils,  lubricating  flake,  and  boiler  compounds.  The 
by-products  obtained  from  this  mill  are  all  utilized  in  the  manufac- 
ture of  the  commodities  mentioned. 

Data  as  to  recoveries  of  No.  1  flake.  No.  2  flake,  and  dust  in  New 
York  practice  are  not  available. 

THE  INDTTSTRY  IN  PENNSYLVANIA. 

PXJLKTS. 

The  graphite  industry  in  Pennsylvania  has  in  the  past  suffered 
from  "  wild-cat "  and  "  get-rich-quick  "  schemes  that  for  a  time  seri- 
ously interfered  v«^itli  the  production  in  the  Pickering  Valley, 
Chester  county.  During  the  war,  this  district,  in  common  with 
otlier  producing  districts,  responded  to  the  increased  demand  for 
graphite.  In  1918,  five  plants  were  in  operation,  two  close  to  Byers 
and  three  near  Chester  Springs.  The  most  recent  installation  is 
the  Huff  electrostatic  system  at  the  plant  of  the  Rock  Crucible 
Graphite  Co.,  the  contemplated  flow  sheet  of  which  is  given  in 
figure  13. 

At  present  (August,  1919)  graphite  production  in  Pennsylvania 
is  practically  at  a  standstill. 

OCCITBBENCE  OF  OBB. 

The  ore,  with  one  exception,  is  a  soft  disintegrated  schist  dipping 
from  35^  to  50°  and  analyzing  3J  to  4|  per  cent  graphitic  carbon. 
In  some  places  most  of  the  gangue  has  been  removed  by  weathering, 
the  graphite  renuiining  behind  as  large  coarse  flakes. 
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XIHINa  XXTHODS. 

With  the  exception  of  the  operations  of  the  Standard  Carbon  Co. 
and  part  of  the  operations  of  the  Bock  Crucible  Oraphite  Co.  all 
mining  is  done  in  open  pits.  Loading  of  broken  ore  is  done  either 
by  hand  or  by  steam  shovel,  and  little  or  no  drilling  is  necessary  be- 
cause of  the  character  of  the  ore. 

At  the  mine  of  the  Standard  Carbon  Co.  the  ore  is  mined  in  narrow 
rooms  with  alternating  pillars.  The  deposit  averages  25  feet  thick 
and  dips  about  40°.  The  mine  is  developed  by  a  120-foot  vertical 
shaft,  with  levels  at  80  feet  and  120  feet  below  the  collar.  The 
ore  is  readily  drilled  with  an  auger  drill. 

CONCENT&ATINa  METHODS. 

In  this  district  three  of  the  concentrating  systems  described  under 
the  outline  of  the  Alabama  industry  are  used.  Three  plants  use 
the  log  washer  or  a  similar  device;  one  plant  is  using  the  dry  process 
in  the  form  of  the  Huff  electrostatic  system,  and  a  fifth  plant  was 
using  the  oil-froth  flotation  system  with  the  K  and  K  type  of  cell,  but 
has  now  discarded  this  type  of  cell. 

At  two  of  the  plants  a  machine  called  the  "  oscillator "  is  used  in 
place  of  the  log  washer.  The  "oscillator"  comprises  an  inclined 
table  with  a  series  of  rakes  suspended  over  it  and  attached  to  an 
eccentric.  In  addition  to  the  horizontal  motion  each  row  of  teeth  is 
given  a  circular  motion  in  a  vertical  plane,  thus  stirring  the  pulp  and 
releasing  the  graphite,  which  floats  to  the  lower  end  of  the  table 
while  the  tailings  are  worked  to  the  upper  end  by  the  rakes.  In 
principle,  therefore,  this  device  resembles  the  log  washer.  As  with 
the  log  washer,  kerosene  oil  is  used  to  help  float  the  graphite.  Sam- 
ples taken  in  plants  in  which  machines  of  this  kind  are  used  gave  the 
following  results: 

Results  of  operation  of  oscillators. 

[Figures  represent  percentages  of  graphitic  carbon.] 

Test  1.  Test  2. 

Crude  ore 4.  52  3.  56 

Washer  tailings 2. 19  1.  79 

Rough  concentrates 62.00  72.07 

The  contemplated  flow  sheet  of  the  plant  in  which  the  Huff  electro- 
static system  has  been  installed  is  shown  in  figure  18.  The  other  four 
plants  have  flow  sheets  similar  to  those  described  under  Alabama 
practice. 

BEFININO  METHODS. 

Methods  of  refining  used  in  the  Pennsylvania  field  are  similar  to 
those  in  use  in  other  districts.     Two  refining  plants  are  being  oper- 
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ated.  In  the  new  Huff  electrostatic  plant  it  is  expected  that  no  addi- 
tional refining  apparatus  except  dusting  and  bolting  screens  will  be 
required.  The  plants  not  operating  refineries  sell  their  rough  con- 
centrate, representing  material  coarser  than  100  mesh  and  analyzing 
60  to  70  per  cent  graphitic  carbon,  to  an  Eastern  refiner.  > 

In  this  district  data  as  to  the  recovery  of  finished  products  are 
not  available.  From  50  to  60  pounds  of  rough  concentrate,  analyzing 
as  shown  in  preceding  table,  are  recovered  per  ton  of  ore. 

THE  mDTTSTBY  IH  TEXAS. 

OCCUBBENCE  OF  QBE. 

In  Texas  graphite  is  found  in  the  siliceous  pre-Cambrian  Pack- 
saddle  schist  in  the  central  region  of  the  State  between  Llano  and 
Burnet.  In  many  places,  the  graphitic  schist  has  been  disrupted  by 
granite  and  pegmatite  intrusions.  This  schist,  according  to  Paige,* 
is  a  metamorphosed  sedimentary  rock  in  which  the  carbonaceous  ma- 
terials have  been  recrystallized  to  form  graphite. 

The  ore  analyzes  6  to  10  per  cent  graphitic  carbon,  but  the 
recovery  of  No.  1  flake  is  comparatively  low  because  of  the  presence 
of  amorphous  graphite  and  very  small  flake  in  the  ore;  moreover, 
the  gangue  is  hard,  so  that  in  crushing,  a  large  amount  of  the  flake 
is  destroyed  by  being  ground  to  finer  sizes  than  are  used  as  No.  1 
flake. 

In  1918,  three  properties  were  in  operation  in  the  State,  but  in 
June,  1919,  only  one  was  active. 

MINING   METHODa 

At  the  properties  of  the  Southwestern  Graphite  Co.,  9  miles  west 
of  Burnet  and  the  Burnet-Texas  Graphite  Co.,  7  miles  west  of 
Burnet,  open  pits  have  been  developed;  but  at  that  of  the  Dixie 
Graphite  Co.,  4  miles  northeast  of  Llano,  mining  is  by  underground 
methods. 

At  the  property  of  the  Southwestern  Graphite  Co.,  the  over- 
burden, which  varies  in  thickness  from  2  to  8  feet,  is  a  hardbaked 
detritus  containing  large  boulders  of  ore.  It  contains  much  clay 
and  vegetable  fiber  and  is  said  to  average  3  or  4  per  cent  graphitic 
carbon,  only  a  small  part  of  which  can  be  recovered  as  No.  1  flake 
stock.  Accordingly,  this  material  is  loosened  by  means  of  a  plow 
aided  by  a  snatch  block  and  is  dumped  as  waste.  In  loosening 
overburden  of  this  character,  blasting  powder  might  advantageously 
be  used. 
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When  the  mine  was  visited  the  ore  body  was  being  crosscut,  pre- 
liminary to  the  development  'of  two  working  faces  along  the  strike 
of  the  ore,  which  is  80  to  100  feet  thick  and  dips  about  65^  south- 
east. The  outcrop  can  be  followed  on  this  company's  property  with 
a  slight  interruption  for  almost  three-fourths  of  a  mile  al(mg  the 
strike. 

In  mining,  a  Keystone  wood-fired  churn  drill  is  used  for  drilling 
holes  5^  inches  in  diameter.  These  are  placed  at  the  corners  of 
12-foot  squares  the  first  row  of  which  is  12  feet  from  the  last  crack 
of  the  previous  blast.  All  holes  are  drilled  to  a  depth  of  25  or  30 
feet,  which  is  5  feet  below  the  elevation  of  the  bottom  of  the  open 
pit.  Blasting  gelatin  of  60  per  cent  strength  is  used  for  breaking. 
An  Erie  wood-fired  steam  shovel  with  a  dipper  capacity  of  five- 
eights  of  a  cubic  yard  loads  the  broken  ore  into  5-ton  side-dump 
contractors'  cars  which  are  hauled  to  the  mill  by  a  Whitcomb  gasoliDe 
locomotive.  Large  boulders  are  placed  to  one  side  by  the  ^lovel 
and  are  block-holed  with  self-rotating  hammer  drills  of  the 
jackhammer  type. 

The  Burnet-Texas  Co.'s  property  is  2  miles  northeast  of  that  of  the 
Southwestern  Graphite  Co.  on  the  same  schist  series  and  at  the  time 
of  visit  was  being  worked  in  a  small  way.  Here  the  ore  is  more 
frequently  cut  by  granite  and  pegmatite  intrusions,  and  as  developed 
appeared  to  contain  less  graphite  that  would  make  No.  1  flake  stock. 
Besides  an  open  pit,  this  property  was  being  prospected  by  a  vertical 
shaft. 

At  the  Dixie  Graphite  Co.  property,  4  miles  northeast  of  Llano, 
the  ore  is  won  by  underground  mining.  The  deposit  dips  to  the 
southeast  at  a  flatter  angle  than  at  the  Southwestern  Graphite  Co.'s 
property.  Near  the  surface  the  ore  contains  considerable  quantities 
of  amorphous  graphite  and  fine  flake.  That  mined  underground  is 
of  better  grade  as  regards  the  size  of  flake,  and  contains  considerably 
more  pyrite  and  mica  than  were  obtained  in  the  surface  ore.  In 
the  past,  much  development  work  was  done  on  this  property  with 
a  view  to  mining  gold  and  molybdenum  ores,  but  these  efforts  were 
not  successful. 

CONCENT&ATIKO    METHODS. 

Two  plants  use  the  oil- froth  flotation  method;  at  a  third  plant 
Huff  electrostatic  machines  have  been  installed.  These  plants  do 
not  differ  materially  from  mills  previously  described,  except  that 
in  each  a  rough  concentrate  analyzing  7*  to  80  per  cent  graphitic 
carbon  and  remaining  on  an  80  or  a  90  mesh  screen  is  recovered. 

No  refining  plants  are  as  yet  in  operation,  although  one  company 
is  reported  to  have  completed  alterations  in  its  mill  that  will  permit 
production  of  refined  graphite. 
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In  this  district  the  same  lack  of  storage  facilities  for  crude  ore 
was  noted  as  in  the  Alabama  field.  The  general  remarks  as  to 
storage  also  apply  to  the  New  York  and  Pennsylvania  districts. 

BECOVEKY  OF  aKAFHITE  FROM  ''KISH." 

The  product  known  as  "kish*'  is  a  mixture  of  graphite,  slag,  iron 
oxide,  fragments  of  iron,  and  other  materials  that  accumulate  about 
a  pig-iron  casting  ladle,  or  a  Bessemer  or  open-hearth  furnace.  The 
graphite  is  formed  during  cooling  by  the  crystallization  of  excess 
carbon  from  molten  pig  iron.  The  kish  obtained  for  refining  has 
contained  8  to  10  per  cent  of  graphitic  carbon  in  the  form  of  a  light, 
thin,  and  fluffy  flake. 

The  method  of  concentrating  and  refining  kish  is  similar  in  many 
ways  to  the  methods  employed  with  natural  graphite.  The  chief 
points  of  difference  are  that  kish  is  not  subjected  lo  crushing,  but  is 
carefully  screened  and  is  treated  with  magnetic  separators.  A  pat- 
ent (No.  1239992)  on  the  recovery  of  graphite  from  kish  has  been 
issued  to  F.  W.  Weisman,  and  another  patent  (No.  1271146),  to 
E.  C.  Ewen. 

Kish  as  a  possible  source  of  graphite  should  not  be  overlooked. 
It  is  questionable,  however,  whether  enough  of  this  material  can  be 
obtained  to  interfere  or  compete  seriously  with  the  mining  of  natural 
flake  graphite. 

EZFEBULENTAL  WOBE  ON  CONCENTSATION  AND  SEFININO. 

As  is  evident  from  the  foregoing  discussion,  much  work  had 
been  done  on  various  methods  of  concentrating  graphite  ore  and 
refining  graphite,  but  no  large  amount  of  effort  had  been  expended 
on  making  comparative  tests  of  the  processes.  It  is  evident,  too,  that 
the  possibilities  of  recovering  larger  quantities  of  No.  1  flake  have 
not  been  exhausted.  For  these  reasons  the  Bureau  of  Mines  has  felt 
justified  in  conducting  experiments  at  its  Salt  Lake  City  experiment 
station  on  the  concentration  of  graphite  ore  and  the  refining  of 
graphite.  This  work  is  described  in  the  report  of  F.  G.  Moses, 
"Refining  Alabama  flake  graphite  for  crucible  use"  (pp.  46  to  74). 

EXPEBIMEnTAL  WOBE  ON  CBTTCIBLE  HANITFACTTnElE. 

The  Bureau  of  Standards  at  various  times  has  done  some  work  on 
crucible  manufacture  with  a  view  to  the  use  of  materials  other  than 
the  imported  clays  and  graphites.  This  work  has  never  been  carried 
to  a  conclusion.  It  was  felt  therefore  that  the  Bureau  of  Mines  at 
its  Columbus  experiment  station  should  make  an  investigation  that 
would  decide  to  what  extent  flake  graphite  might  be  used  in  crucible 
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manufacture,  and  would  establish  physical  and  chemical  specifica- 
tions for  domestic  flake  graphite. 

PHOTOMICBOa&APHT. 

As  microscopic  examination  of  crucibles  made  by  various  manufac- 
turers, in  conjunction  with  a  knowledge  of  the  crucible  ingredients, 
may  be  of  assistance  in  the  solution  of  the  mechanical  difficulties  at- 
tending the  use  of  more  than  25 
per  cent  domestic  flake  graphite 
in  crucible  graphite  mixtures, 
this  work  has  been  assigned  to 
the  Pittsburgh  experiment  sta- 
tion of  the  Bureau  of  Mines. 

METHODS  OF  SAJCPLINa. 


Generally  speaking,  the  only 
samples  taken  in  graphite  plants 
are  of  the  finished  products.  In 
the  past  these  have  not  been 
sampled  in  the  same  way  by  pro- 
ducer and  by  consumer,  so  that 
serious  disputes  over  shipments 
have  arisen,  with  the  result  that 
consumers  have  often  refused  to 
accept  certain  shipments. 

By  daily  sampling  crude  ore 
and  crude  concentrates,  as  well 
as  finished  products,  a  much 
better  check  on  mill  work  can  be 
obtained  than  is  possible  by  sam- 
pling only  the  finished  grades. 

Domestic  graphite  is  usually 
marketed  in  sacks  holding  150 
pounds.  The  sacks  are  filled 
from  a  spout  at  the  bottom  of  a 
small  bin  to  which  the  products 
come  from  the  final  sizing  screen, 
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Figure  14. — Method  recommended  for  sam- 
pling finished  sacked  product.  Correct 
position  of  sampling  device  Indicated  by 
dotted  lines  In  two  views.  The  method 
now  generally  employed  gives  samples 
corresponding  to  1  (T,  M,  B)»  8  (T,  M, 
B),  or  6   (T,  M.  B). 

which  follows  the  buhr  mill.  In  the  process  of  refining,  a  pi*oduct  ab- 
solutely homogeneous  in  carbon  content  is  not  being  made  at  all  times 
of  the  day.  The  material  that  goes  to  the  finished-product  loading 
bin  often  varies  5  per  cent  from  the  standard  determined  by  the  mill 
operator.  The  causes  of  these  variations  are  many.  '  Thus,  products 
obtained  just  after  the  buhrstones  have  been  freshly  dressed  are 
different  from  those  obtained  before  the  stones  have  been  dressed; 
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and  the  feed  to  the  buhrstones  varies  in  character  from  time  to  time 
because  of  freqaent  concentrator  Bhutdowos.  The  stones  are  ad- 
justed from  time  to  time  during  the  day,  but  sometimes  the  char- 
acter of  the  No,  1  flake  obtained  is  visibly  below  the  predetermined 
plant  standard.  As  the  sack  is  filled  from  a  vertical  spout,  any 
fluctations  in  the  grade  of  graphite  in  the  bin  appear  as  strata  in 
the  bag.  Moreover  the  larger  flakes  naturally  fall  to  the  edges  of 
the  pile  under  the  spout  The  miller  usually  samples  a  bag  of 
graphite  by  taking  a  spoonful  of  graphite  from  the  top  of  the  sack 
or  by  taking  a  sample  at  three  points  in  the  bag  by  means  of  a  small 
hollow  bag  sampler  about  8  inches  long,  with  an  opening  2  inches 
long  near  the  point. 

To  show  that  these  methods  could  not  give  a  representative  sample, 
two  tests  of  graphite  in  sacks  were  made  as  shown  in  the  table  follow- 
ing and  illustrated  in  figure  14. 


BetulU  of  Uco  tettt  of  iampling  sacked  graphite. 

[Ftsuns  ana  l<il;:n  on  nniB  as  tn  Bg.  14,) 


Fasltloaofswopla. 

CMbon.           1 

VoblUe. 

Or.phItte. 

PtraM. 

l.«8                «!.i& 

IS,    ss 

IW             MM) 

In  view  of  the  considerations  mentioned  and  the  sampling  results 
presented  in  the  table,  it  is  recommended  that  every  bag  be  sampled 
continuously  from  top  to  bottom  in  the  manner  indicated  in  figure 
14,  by  means  of  one  of  the  devices  described  below. 

One  device  consists  of  a  tubular  sleeve  (fig.  15)  30  inches  long 
and  3  to  i  inch  in  diameter,  with  a  continuous  slot  extending  from 
the  point  to  within  4  inches  of  the  top.  Inserted  in  the  sleeve 
is  a  rotating  tube  with  a  slot  to  correspond  to  the  opening  in  the 
outer  tube.  Another  suggested  sampling  device  is  a  single  tube  with 
a  check  valve  at  the  bottom  for  retaining  the  sample  while  the  tube 
is  being  removed  from  the  sack.  It  is  further  recommended  that 
all  samples  be  taken  obliquely  from  top  to  bottom  to  get  a  fair  pro- 
portion ojf  the  larger  flakes  which  naturally .  slide  farthest  during 
the  filling  of  the  sack,  and  tend  to  collect  at  the  sides. 

The  method  of  sampling  shipments  adopted  by  the  Graphite 
Producers  Association  of  Ashland,  Ala,,  is  an  honest  effort  on  the 
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part  of  Alabama  operators  to  avoid  disagreeable  and  costly  disputes 
with  the  consumer. 

As  soon  as  a  quantity  of  graphite  is  ready  for  shipment,  the  local 
chemist  at  Ashland  divides  the  shipment  into  lots  of  25  sa<^a. 
Samples  are  drawn  from  each  bag  and  then  combined  to  represoit 
the  individual  lots.  Analyses  are  made  of  the  lot  samples,  and  if  any 
lot  falls  seriously  below  shipping  grade,  it  is  discarded  from  the 
shipment.  The  grade  of  the  shipment  is  then  calculated  by  averag- 
ing the  analyses  of  the  lot  samples. 

HETHOBS  OF  AKAIiYSIS. 

The  method  of  analyzing  graphite  products  or  ores  has  never  been 
standardized  to  the  extent  of  defining  volatile  and  fixed  carbon  in  a 
manner  acceptable  to  all  analysts.  Accurate  methods  used  in  de- 
termining carbon  in  gi-aphite  products  are  tedious.    Work  recently 


Figure  15. — Sections  of  Bampling  device  (not  drawn  to  scale).  A,  Longitudinal  section, 
showing  slot ;  B,  longitudinal  section,  samplea  turned  90^  from  position  A ;  C>  cross 
section  through  slot. 

done  by  the  Pittsburgh  experiment  station  of  the  Bureau  of  Mines 
on  the  chemical  analysis  of  graphite  products  had  in  view  the  devis- 
ing of  a  rapid,  accurate,  and  simple  method  of  analysis  with  a  fair 
degree  of  accuracy.  A  description  of  this  method  is  given  on  pages 
43  to  45. 

TENTATIVE  SPECITICATIONS. 

In  the  past,  crucible  makers  who  used  domestic  fiake  graphite  liave 
as  a  rule  bought  this  material  only  after  examining  samples  sub- 
mitted by  producers.  It  may  be  helpful  to  suggest  tentative  speci- 
fications for  No.  1  fiake  graphite. 

The  table  following  gives  the  screen  and  chemical  analyses  of 
graphite  that  is  being  used  in  the  experimental  work  of  the  Colum- 
bus experiment  station  of  the  Bureau  of  Mines  on  graphite,  crucibles. 
All  screen  analyses  were  made  at  the  Pittsburgh  station  of  the 
bureau.  A  Tyler  standard  Ro-tap  apparatus  was  used,  and  the 
graphite  sample  was  screened  for  45  minutes.    All  chemical  analyses 
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were  made  at  the  Pittsburgh  station^  the  volatile-carbon  determina- 
tions of  samples  being  made  by  heating  for  three  minutes  at  800^  C. 

Be9nlt9  of  analygei  of  domestic  /take  graphite. 


Sample 

Kind  of  aample. 

Carbon. 

CamnlaAire  peroentages. 

No. 

Volatile. 

Ora- 
pUtie. 

Over 
20  mesh. 

Over 
35  meA. 

Over 
65  mesh. 

Otot 
lOOmeeh. 

Under 
lOOmeeh. 

1 

2 

Artificial  graphite 

No,  X  flakfl .......  r ,  - 

Per  ura. 
1.Z7 
1.68 
1.32 

2.07 
3.66 

PerenU. 
87.82 
82.02 
92.09 

86.85 
74.67 

a3 

11.7 

.1 

2.5 

3.0 

8.3 

15.4 

.1 

54.9 
42.0 
28.0 

31.0 

30.3 

60.6 

1.2 

05.9 
94.8 

6ao 

74.3 
89^6 
95.6 

3.2 
.2 

3.9 
10.5 
67.6 
96.0 
97.0 
22L2 
92.4 
99.7 

4.1 

5.2 

3 

do 

40.0 

4 

No.  1  flake  and  No.  2 
flake 

25.7 

5. 

Kn.  Ifb^k^       

10i4 

6 

•  • • .  .do ..  ..•..•.•...... 

.1 

4.4 

7 

DtBt 

6.06 
7.37 
7.20 
2.96 
2.31 

41.33 
32.41 
31.47 
80.44 
81.43 

96k8 

8 

do 

99.8 

9 

do 

No.2flake 

.4 

96.1 

10 

89.5 

11 

do 

.2 

5.7 
6.7 
.1 
9.7 
8.2 

9.9 
58.5 
56.4 
.3 
62.2 
69.6 

83.4 

12 

No,  1  flake 

7.0 

». 

do 

1.98 
2.17 

"86."  i8 
86.30 

.1 

3.0 

U 

No»2flake 

77.8 

15 

No.lflake 

7.5 

16 

No.1  flake,  spedal 

1.08 

92.43 

.3 

Nine  crucible  manufacturers  sent  to  the  Bureau  of  Mines  samples 
of  graphite  as  prepaiied  by  them  for  incorporation  in  their  crucible 
mixtures.  Screen  analyses  of  these  samples  were  made  at  the 
Washington  laboratory;  the  results  showed  considerable  variation. 
The  laboratory  lacked  the  equipment  usually  found  in  establish- 
ments for  the  making  of  screen  analyses,  and  consequently  a  nest  of 
sieves  of  20,  40,  60,  80,  and  100  mesh  had  to  be  used  rather  than  the 
standard  meshing.  For  comparison,  however,  the  results  will  an- 
swer just  as  well. 

Results  of  analyses  of  mamLfacturef*s  samples  at  Washington  laboratory. 


No. 

of 

nana- 

pie. 

Manofao- 
turer. 

Cumulative  percentages. 

Vol- 
ume 
of  100 
grams 
(a  .c). 

20 
mesh. 

40 
meoh. 

60 
meah. 

80 
mesh. 

100 
mesh. 

100 
mesh. 

Remarks. 

1 

2 
3 

4 
5 

6 
7 
8 

9 

10 
11 

A 

B 

c 

C 

D 

S 

F 

O 

H 

I 

I 

1 

134 
12 
16 
13| 

4i 

40 
16J 

68i 

67f 
88^ 
71 
02J 

66 

49i 

74 
69i 

83i 

714 
96 
81 
74} 

76 

62i 

76 

69 

84 
751 

921 

80} 
964 
80i 
88 

834 

88 

86} 

804 

1^ 

94} 

Si 

87 

92 
90 

lOOi 

994 
100 
100 

904 

100 

100 

9H 

106 

76 

149 

86 

81 

81 

145 

9S 

98 

89 
116 

Contains  35  per  cent  flake  and  66 

per  oent  Geykm. 
100  per  cent  Ceylon. 
Ifadagascar  flake. 
lOO  per  cent  Ceylon. 
Contains  10  per  cent  flake  and  90 

per  oent  Ceylon. 
100  per  cent  Ceylon  for  steel "  pot.^' 
100  per  oent  Canadian. 
Contains  2&  per  oent  flake;  75  per 

oent  Ceylon  for  steel  "pot.'*^ 
Contains  15  per  cent  flake  and  85 

per  oent  Cevlon. 
100  per  cent  Ceylon. 
Contains  17  per  cent  flake  and  83 

per  cent  Ceylon. 
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CASBOK  COHTBHT. 


It  is  recommended  that  the  graphitic  carbon  content  of  No.  1  flake 
be  not  less  than  85  per  cent.  By  graphitic  carbon  is  tentatively 
meant  the  carbon  remaining  after  the  dried  sample  has  been  burned 
for  three  minutes  at  800^  C. 

The  table  following  gives  the  results  of  complete  analysis  of  seven 
samples  of  crucible  graphite.  The  analyses  were  made  at  the  Pitts- 
burgh station  of  the  Bureau  of  Mines.  The  volatile  carbon  was  de- 
termined by  heating  the  samples  at  800^  C.  for  three  minutes. 

Results  of  complete  analysis  of  seven  samples  of  graphite. 


Souroe  of  crsDhlte 

Alabama. 

Alabama. 

Alabama. 

Alabama. 

New 
York. 

Pennsyl- 
vania. 

Ceyioo. 

Bamplff  No 

1 

2 

3 

4 

5 

6 

4 

Volatile  carbon 

2.08 

84.52 

7.02 

5.00 

.63 

.14 

1.40 

00.58 

3.09 

2.00 

.18 
.19 

2.00 

81.82 

8.33 

0.35 

.80 

.13 

1.31 

91.18 

4.06 

2.31 

.40 

.13 

1.30 

88.97 

4.34 

2.40 
1.08 
.38 
.07 
.70 
.55 
.12 

1.53 
88.80 
5l24 
2.06 
1.75 
.06 

1.08 

Orurfiitie  oarbon 

85l06 

SIOi 

7.  SI 

AliOi.i 

2.82 

PeiOi 

1.01 

Tioi!.. :::::::..:.: 

.13 

(VO 

.It 

Hgo 

.23 

.15 

.008 

.007 

.00 

.10 
.23 
.01 
.14 

.00 
.14 
.11 

.08 
.81 
.03 
.01 
.02 

.09 
.08 
.12 
.21 
.06 
.07 

.21 

iSo 

.2S 

NaaO.. 

.11 

SOi 

.005 

pjo»;::::.:.: 

.02 

.05 

iffio ... 

.01 

CuO« 

.14 

ZnOo 

■*■"****' 

.03 

• 

Total 

99.806 

99.98 

99.99 

09.80 

99.99 

loaoi 

90.006 

a  Contamination  probably  from  brass  screens. 

The  results  presented  indicate  that  the  amount  of  deleterious  im> 
purities  in  domestic  iBake  graphite  is  small.  In  the  samples  of  Ala- 
bama graphite  the  FejO,  content  did  not  exceed  0.53  per  cent,  and 
the  combined  content  of  alkalies  and  alkaline  earths  did  not  exceed 
0.5  per  cent.  The  amounts  of  mica  and  pyrite  present  were  small 
indeed,  judged  from  the  alkali  and  SO,  content.  Even  the  Penn- 
sylvania sample  with  a  high  Fe^O,  content  showed  only  a  small 
amount  of  SOj,  also  a  low  alkali  content.  The  sample  from  New 
York  showed  a  combined  alkali  content  of  1.5  per  cent,  and  the 
FcaOj  content  was  slightly  more  than  1  per  cent. 

If  the  single  sample  of  Ceylon  graphite  analyzed  may  be  taken  as 
representative — and  it  should  be  stated  that  this  sample  was  graph- 
ite prepared  for  use  in  crucibles — it  is  evident  that,  chemically,  do- 
mestic graphite  compares  favorably  with  the  Ceylon  graphite. 

SCBEEN  ANAXYSIS. 

The  following  tentative  specifications  as  to  screen  analysis  in 
cumulative  percentages  are  recommended : 
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Recommended  specifications  for  screen  analysis, 
[Figures  represent  cumulative  percentages.] 

Grade^. No.    1   flake. 

Over  35  standard  mesh 35 

Over  65  standard  mesh 50 

Over  100  standard  mesh 100 

Permissible  allowance  of  not  more  than  3  per  cent  through  100  mesh. 

PBESENT  STATITS  OP  OBAPHITE  MININa. 

The  request  of  the  War  Industries  Board  on  August  10,  1918,  that 
not  less  than  20  per  cent  of  domestic  flake  graphite  be  incorporated 
into  crucible-graphite  mixtures  during  the  balance  of  1918,  and 
25  per  cent  thereafter,  established  a  market  for  domestic  flake  which, 
it  was  hoped,  would  continue  after  the  war.  If  domestic  graphite 
can  be  used  in  this  proportion  without  adversely  affecting  the  quaU 
ity  of  crucibles,  it  will  be  used  provided  it  can  be  produced  at  costs 
that  compare  favorably  with  the  prices  paid  for  imported  graphites. 
Under  normal  conditions  the  efficiency  of  crucibles  is  expressed  as 
so  many  heats  per  crucible.  However,  during  the  war  the  vital 
comparison,  as  regards  the  national  welfare,  was  the  number  of 
pounds  of  imported  graphite  used  per  heat.  The  introduction  of 
every  pound  of  domestic  flake  graphite  that  did  not  increase  the  con- 
sumption of  imported  graphite  per  crucible  heat  saved  necessary 
ship  tonnage.  The  proportion  of  domestic  flake  that  reduces  the 
consumption  of  imported  graphite  to  a  minimum  has  not  yet  been 
determined. 

In  aU  of  the  graphite  mining  districts  in  this  country  operating 
costs  are  very  high,  and  in  normal  times,  if  imports  were  unre- 
stricted, the  domestic  mining  industry  could  not  compete  with  the 
industries  iii  Madagascar  and  Ceylon.  On  both  of  these  islands, 
the  deposits  are  of  large  extent  and  of  such  high  grade  that  a  simple 
cobbing  or  washing  represents  the  only  milling  necessary.  Labor 
is  much  cheaper  in  the  Far  East  than  in  the  United  States.  There- 
fore, in  q>ite  of  the  great  distance  from  the  market,  graphite  from 
these  islands  could  be  placed  on  the  docks  in  this  country  at  prices 
which  at  present  would  provide  no  profit  for  domestic  producers. 
Also,  overproduction  abroad  might  tend  to  force  prices  stiU  lower 
through  dumping  of  surplus  production  on  the  American  market. 

Operating  costs  in  the  United  States  in  October,  1918,  ranged  from 
6  to  14  cents,  with  an  average  of  10  cents,  per  pound  of  No.  1  flake. 
No  allowance  has  been  made  for  depletion  and  depreciation,  which 
would  add  1  to  2  cents  per  pound  to  the  costs  sfated.  In  arriving  at 
these  costs  the  production  of  No.  1  flake  has  been  charged  with  all 
operating  expenses  and  has  been  credited  with  the  miscellaneous 
income  derived  from  the  sale  of  No.  2  flake  and  dust.    The  wide 
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variation  in  costs  is  due  to  differences  in  the  efficiency  of  individual 
plants  as  well  as  to  fluctuations  in  the  grade  of  ore  treated  by  the 
different  plants. 

The  graphite  in  the  Alabama  district  is  of  lower  grade  than  that 
in  any  of  the  other  districts  mentioned  in  this  report.  With  an 
average  recovery  of  19  pounds  of  No.  1  flake  per  ton  of  ore  and  an 
after- war  price  of  9  cents  per  pound,  which  is  3  to  4  cents  higher 
than  the  pre-war  pri(»e,  it  is  evident  that,  even  though  all  the  ore  is 
mined  in  open  pits,  only  those  plants  efficiently  managed  and  work- 
ing comparatively  rich  deposits  will  survive  unless  new  and  im- 
portant uses  develop  for  the  by-product  grades  so  as  to  warrant  the 
establishment  of  a  local  central  factory  for  producing  commercial 
graphite  products.  Many  of  the  Alabama  plants  are  6  to  9 
miles  from  the  railroad  and  are  in  localities  where  most  of  the  roads 
are  difficult  to  maintain  because  they  are  of  clay  and  poorly  drained. 
At  plants  so  situated  the  cost  of  transpoilation  becomes  a  serious 
factor  in  operating  expenses. 

Until  1913,  the  graphite  production  in  Alabama  was  small,  but 
has  steadily  increased  so  that  since  1915  Alabama  has  been  the  lead- 
ing graphite-producing  State  in  the  Union. 

Milling  capacity  in  the  Alabama  district,  with  the  39  plants  now 
in  operation  or  building,  is  sufficient  to  produce  a  large  quantity  of 
graphite,  if  these  mills  could  all  nui  20  hours  a  day.  On  the  as- 
sumption that  each  mill  would  average  3,000  pounds  of  No.  1  flake 
daily,  which  is  a  conservative  estimate,  a  total  production  of  nearly 
60  tons  a  day  could  be  obtained.  The  actual  production  of  No.  1 
flake  from  this  district  during  1918  averaged  less  than  850  tons  per 
month. 

In  New  York  and  intermittently  in  Pennsylvania,  graphite  was 
mined  before  the  war.  New  York  will  undoubtedly  continue  to  pro- 
duce graphite  after  the  war  in  somewhat  greater  quantities  than  be- 
fore. Both  of  these  districts  are  close  to  a  large  market.  The  re- 
covery of  graphite  per  ton  of  ore  is  double  that  obtained  in  Alabama ; 
this  is  a  distinct  advantage,  particularly  when  by-product  grades 
can  be  sold  advantageously. 

The  costs  of  production  are  practically  the  same  as  those  in  Ala- 
bama, chiefly  because  most  of  the  plants  in  New  York  and  Pennsyl- 
vania have  just  started  producing;  but  with  reversion  to  peace  times, 
these  districts  have  a  distinct  advantage  over  the  Soutl^stem  dis- 
trict, in  spite  of  the  necessity  in  New  York  for  underground  mining. 

In  the  latter  part  of  1918  the  New  York  district  was  producing 
not  more  than  90  tons  of  graphite  per  month,  of  which  probably  60 
per  cent  would  be  No.  1  flake.  The  Pennsylvania  field  produced 
about  50  tons  of  graphite  per  month,  of  which  about  60  per  cent 
would  be  No.  1  flake. 
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The  Texas  districi,  if  proyided  with  an  outlet  for  by-product 
grades  of  flake  graphite,  would  have  a  good  opportunity  of  surviving 
post-war  readj^nstments.  The  production  from  this  district  has  not 
been  large,  but  could  be  considerably  increased  without  great  diffi- 
cuhy.  With  respect  to  a  Western  and  Central  market,  the  Texas  de- 
posits are  favorably  situated.  The  deposits  are  not  only  of  large 
extent  but  are  high  grade  as  well. 

These  statements  have  been  made  in  order  to  indicate,  in  a  general 
way,  the  precarious  position  of  the  mining  of  domestic  crystalline 
flake  graphite.  It  would  be  presumptuous  to  suggest  methods  by 
means  of  which  the  mining  of  domestic  graphite  can  be  established 
firmly  on  a  postwar  basis,  for  underlying  the  entire  consideration  is 
the  fundamental  economic  law  of  supply  and  demand.  As  regards 
domestic  flake  graphite,  the  supply  exists  and  can  be  obtained.  If 
the  demand  can  be  created  or  extended  by  scientific,  rather  than  by 
artificia)  means,  the  supply  will  be  forthcoming  whenever  the  piiee 
is  high  enough  t^  jisstify  production. 

With  the  resumption  of  peacetime  activities,  the  demand  for  cru- 
cibles and  other  graphite  products  has  slackened.  This,  of  course, 
has  reacted  upon  the  domestic  gi'aphite  mining  industry,  with  the 
result  that  production  has  been  gi'eatly  curtailed.  Until  business  in 
the  United  States  has  resumed  its  normal  peace-time  trend,  some 
method  of  control  or  regulation  will  be  necessary  to  prevent  the  col- 
lapse of  certain  industries,  which  the  lessons  of  the  present  war  have 
taught  should  not  be  permitted  to  die.  To  be  independent  of  for- 
eign graphite,  the  use  of  100  per  cent  domestic  flake  in  crucibles 
will  have  to  be  developed,,  if  the  graphite  crucible  continues  to  be 
used  as  a  medium  for  melting  alloys  of  all  kinds.  It  is  possible,  a£ 
course,  that  the  use  of  some  refractory  other  than  gi'aphite,  or  the 
extended  use  of  melting  furnaces  requiring  no  crucibles  may  de- 
velop to  such  a  point  as  to  make  present  practice  obsolete. 

METHOD  FOB  EAFID  ANALYSIS  OF  OBAFHITE  ITSED  BY  THE 

BUBEAU  OF  MIVES. 

By  G.  B.  Taylor  and  W.  A,  Selvig. 

In  the  following  paragraphs  are  outlined  certain  methods  of 
graphite  analysis  used  by  the  Pittsburgh  laboratory  of  the  bureau. 
These  are  intended  to  provide  a  simple  and  rapid  procedure  for  the 
proximate  analy^s  of  graphite,  such  as  can  be  performed  in  the 
average  laboratory  in  the  minimum  of  time,  together  with  a  fair  de- 
gree of  accuracy.  The  proximate  analysis  consists  of  the  determina- 
tion of  moisture,  volatile  matter,  ash,  and  graphitic  carbon  by  differ- 
wice*. 
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PKEPABATIOK  OF  SAMPLE. 

On  account  of  the  difficulty  of  grinding  flake  graplute,  no  degree 
of  fineness  can  be  fixed  ^  however,  for  material  containing  considerable 
gangue,  grinding  to  pass  through  a  60-mesh  sieve  is  nscommended. 
The  flakes  of  graphite  separated  during  the  screening  must  of  course 
be  included  in  the  60-mesh  material,  and  must  be  thoroughly  mixed 
before  portions  for  analysis  are  weighed  out. 

DETEBMINATION. 
MOISTURE. 

One  gram  of  the  sample  is  placed  in  a  weighed  porcelain  capsule 
|-inch  deep  by  If  inches  wide,  and  heated  for  one  hour  at  105^  C.  in 
a  constant-temperature  oven.  The  capsule  is  then  removed  from  the 
oven,  covered,  and  cooled  in  a  desiccator  over  sulphuric  acid.  The 
loss  in  weight  multiplied  by  100  is  recorded  as  the  percentage  of 
moisture.  If  platinum  crucibles  are  available,  it  is  preferable  to  use 
a  25-c.c.  platinum  crucible  instead  of  the  porcelain  capsule. 

VOLATHJS  MATTEB. 

The  covered  capsule  containing  the  graphite  from  the  moisture 
determination  is  placed  in  a  muffle  furnace  and  heated  at  800®  C.  for 
three  minutes,  removed  from  the  furnace,  cooled  in  a  desiccator,  and 
weighed.  The  loss  in  weight  multiplied  by  100  is  recorded  as  the 
percentage  of  volatile  matter. 

A  lower  temperature  and  a  shoi*ter  time  interval  than  is  used  in 
the  standard  method  for  the  determination  of  volatile  matter  in  coal 
is  recommended,  as  the  volatile-matter  content  in  graphite  is  small, 
and  the  oxidation  and  loss  of  graphitic  carbon  should  be  cut  down 
to  a  minimum. 

ASH. 

Ash  is  determined  in  the  residue  from  the  volatile-matter  determi- 
nation. The  capsule  containing  the  residue  from  that  determination 
is  placed  in  a  muffle  furnace  at  about  800°  C.  and  is  heated  until  com- 
pletely burned.  The  capsule  with  its  contents  is  removed  from  the 
muffle  and  cooled  and  weighed,  after  which  it  is  replaced  in  the 
muffle,  heated  for  half  an  hour,  cooled  in  a  desiccator,  and  weighed 
again.  This  heating  and  weighing  should  be  continued  until  the 
change  in  weights  between  two  consecutive  ignitions  is  0.0005  gram 
or  less. 

The  weight  of  the  crucible  plus  the  ash,  minus  the  weight  of  the 

empty  crucible,  multiplied  by  100  is  recorded  as  the  percentage  of 
ash. 
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GRAPHITIG  CARBON. 

Graphitic  carbon,  which  is  determined  by  calculation,  is  the  differ- 
ence obtained  by  subtracting  the  sum  of  the  percentages  of  moisture, 
ash^  and  volatile  matter  from  100. 

GRAPHITIC  CARBON  BY  COMBUSTION. 

The  most  accurate  method  of  determining  graphitic  carbon  is  by 
combustion,  and  subsequent  weighing  of  the  CO^  formed.  While 
it  has  been  found  that  graphitic  carbon,  as  calculated,  checks  very 
closely  with  the  graphitic  carbon  determined  by  direct  combustion, 
the  latter  should  be  used  when  greater  accuracy  is  desired.  This 
method,  however,  calls  for  special  equipment  and  requires  consider- 
able skill  in  manipulation. 

On  account  of  the  possible  presence  of  carbonates  in  ore,  and  pos- 
sibly small  amounts  of  flotation  oils  in  the  sample,  if  a  concen* 
trate,  a  preliminary  treatment  before  combustion  is  required. 

PBELIMINABY  TREATMENT  OF  ORES. 

A  sample,  weighing  0.2000  to  1.0000  gram,  depending  on  the  rela- 
tive amount  of  graphitic  carbon,  is  placed  in  a  100-c.c.  evaporating 
dish  with  25  c.c.  of  1  to  1  HCl,  heated  over  a'  hot  plate  for  15  min- 
utes, filtered  through  a  filter  of  ignited  asbestos,  and  washed  with 
hot  water  until  free  from  chlorides.  The  filter  and  the  residue  are 
then  transferred  to  a  porcelain  or  platinum  boat  and  dried  on  the 
hot  plate.  The  boat  containing  the  residue  is  transferred  to  the 
tube  of  a  combustion  furnace  and  burned  in  a  stream  of  oxygen  gas, 
the  CO2  formed  being  collected  in  a  potash  bulb  with  a  80  per  cent 
EOH  solution.  The  combustion  tube  should  contain  some  fused 
lead  chromate  to  retain  any  sulphur  that  may  be  present. 

PRELIMINARY  TREATMENT  OF  CONCENTRATES. 

Concentrates  are  likely  to  contain  flotation  oils,  which  must,  of 
course,  be  removed  before  combustion,  or  too  high  results  will  be 
obtained  for  graphitic  carbon. 

This  may  be  done  by  placing  a  sample  weighing  0.2000  to  0.5000 
gram  in  a  small  Erlenmeyer  flask  and  adding  about  25  c.  c.  of  ether, 
corking  loosely,  and  allowing  to  stand  for  about  one-half  hour,  shak- 
ing at  intervals.  The  mixture  is  filtered  onto  asbestos  in  a  Gootch 
crucible,  the  asbestos  having  previously  been  washed  with  hydro- 
chloric acid  and  ignited.  The  residue  on  the  filter  is  washed  with 
alcohol  and  next  with  distilled  water;  it  is  then  ready  to  be  treated 
with  acid  for  the  removal  of  possible  carbonates,  as  is  done  in  the 
treatment  of  ores. 
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REFINING  ALABAMA  FLAKE  GRAPHITE  FOR  CRUCIBLE  USE. 


By  Fbederick  6.  Moses. 


DTTBODITCTIOV. 

In  order  to  determine  the  possibility  of  producing  a  satisfactory 
crucible  graphite  from  Alabama  flake  graphite,  an  investigation  em- 
bracing a  large  number  of  tests  was  made  at  the  Salt  Lake  City 
station  of  the  Bureau  of  Mines.  The  following  report  contains  the 
information  obtained  during  the  progress  of  this  investigation. 

A  primary  object  of  the  work  was  to  ascertain  the  most  satisfac- 
tory means  by  which  the  low-grade  graphite  concentrates  produced 
from  Alabama  ores  could  be  made  into  satisfactory  crucible  stock. 
Of  course,  the  success  of  any  one  of  the  methods  of  treatment  de- 
veloped will  depend  both  on  the  amount  of  satisfactory  material  that 
can  be  recovered  by  the  finishing  pi*ocess,  and  on  the  ease  and  cheap- 
ness of  the  operation  itself.  In  all  of  the  C2q>eriments  both  of  these 
factors  were  kept  in  mind.    • 

BEQXriBEMEirTS  FOB  CBUCIBLE  OBAPHITE. 

After  an  extended  investigation  into  the  specifications  for  graphite 
satisfactory  for  use  in  crucible  manufacture,  Geo.  D.  Dub,  has  sug- 
gested the  following  specifications  for  satisfactory  No.  1,  Crucible 
Flake  ^    For  the  sake  of  emphasis  they  are  summarized  here. 

Dub  suggested  that  a  No.  1  flake  is  satisfactory,  as  regards  carbon 
content  when  the  content  of  graphitic  carbon  is  not  less  than  85 
per  cent.  Graphitic  carbon  is  hei^  intended  to  mean  that  carbon 
which  remains  after  burning  a  dried  sample  three  minutes  at  800®  C. 

It  is  also  suggested  that  35  per  cent  of  the  product  should  remain 
on  a  35-mesh  standard  screen,  30  per  cent  should  pass  through  a 
35-mesh  and  remain  on  a  65-mesh  standard  screen,  and  the  r^naining 
35  per  cent  should  be  between  65  and  100  mesh.  An  allowance  of 
3  per  cent   through  100  mesh  could  be  peimitted. 

The  aim  of  the  investigation  herein  reported  was  to  produce  ma- 
terial of  the  grade  outlined  from  the  concentrates  of  graphite  from 
the  Alabama  graphite  fields. 

PBESENT  PEACTICE. 

The  production  of  crucible  stock  from  the  Alabama  ores  involves 
two  distinct  steps.    The  fii'st  is  a  concentration  process  by  which  a 

•  See  page  40  of  this  bulletin  for  "  carbon  content "  and  page  89  for  "  screen  analysis.*' 
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oomparatiTely  low-grade  concentrate  is  recovered  from  the  ore.  The 
second  step  comprises  the  conversion  of  this  low-grade  concentrate 
into  a  high-grade  material  that  wUl  be  satisfactory  for  crucible 
making. 

The  first  step,  being  simply  concentration,  need  not  be  discussed 
here.  The  second  step,  finishing,  as  it  is  called,  is  much  more 
difficult  to  carry  out  and  is  the  one  that  demands  the  greatest 
amount  of  inveiStigation  and  improvement. 

The  present  method  of  finishing  the  crude  concentrate  consists  of, 
drying  the  concentrate,  grinding  the  dried  material  in  a  buhr  mill, 
and  *'bolting"  or  screening  the  ground  product  to  remove  the  im- 
purities that  have  been  crushed  during  the  grinding.  The  theory 
is  that  the  graphite  particles,  being  tougher,  smoother,  and  thinner 
than  the  impurities,  will  be  rubbed  and  polished  between  the  buhr- 
stones  with  a  minimum  reduction  in  size,  Vhile  the  impurities  them- 
selves, owing  to  their  more  brittle  characteristics  and  more  massive 
structure,  will  be  ground  fine  enough  for  removal  by  screening  over 
a  suitable  cloth. 

The  method  is  simple,  and  in  fact,  within  certain  narrow  Irniits 
and  under  favorable  circumstances,  gives  good  results.  As  a  gen- 
eral rule,  however,  two  difficulties  are  encountered  that  interfere 
with  its  commercial  success — ^the  grinding  often  destroys  a  large 
proportion  of  the  coarse  and  valuable  flake  and  there  is  a  lack  of  uni- 
formity in  the  finished  product.  The  primary  object  of  the  present 
investigation  was  to  determine  the  most  efficient  manner  of  obtain- 
ing the  desired  results  and  eliminating  the  troubles  in  the  method 
mentioned  above. 

CONCENTBATES ITSED  IH  TESTS. 

As  has  been  suggested,  the  problem  involved  is  the  treatment  of 
the  concentrates  that  are  being  produced  in  the  Alabama  district. 
Therefore,  all  of  the  work  done  during  this  investigation  was  on 
a  series  of  representative  samples  from  that  district. 

The  concentrates  produced  in  the  Alabama  district  differ  widely 
in  their  physical  characteristics  and  graphitic  content.  However, 
as  the  physical  properties  of  the  different  minerals  composing  the 
concentrates  can  not  vary  to  any  considerable  extent,  a  scheme 
worked  out  for  any  one  concentrate  can  be  applied,  with  only  slight 
variations  and  adjustments,  to  the  other  concentrates.  For  this 
reason,  and  because  of  the  numerous  schemes  tried  in  the  limited 
time  available  for  the  work,  it  was  impossible  to  conduct  tests  of 
all  of  the  concentrates.  Therefore,  it  was  decided  to  select  several 
of  the  most  representative  for  investigation,  and  to  determine  the 
extent  that  the  results  obtained  on  these  concentrates  could  be  gen- 
eralized and  applied  to  all. 
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Table  1  gives  the  results  of  screen  analyses  and  assays  of  the 
different  samples  selected. 

Table  1. — Results  of  9creen  analyses  and  assays  of  different  samples  9e1ecied 

for  experiment. 


Mesh. 

Percentage 
by  welgiit. 

Carbon  a9- 

■•y(per 

oetit). 

Units  of 

carbon, 

eadisiie.« 

Percentage 
of  total 
carbon. 

Sample  1: 

14 

0.1 

1.1 

5.4 

14.8 

32.5 

31.8 

17.4 

8.8 

3.7 

4.5 

30 

74.8 
60L8 
58.6 
47.2 
44.4 
44.00 
48.40 
41.30 
3.60 

83.0 
388- 
708.0 
1,068.0 
968.0 
706.0 
382.0 
111.0 

16.0 

1.88 

7.37 

17.60 

33.55 

31.47 

16.99 

&47 

3.46 

.89 

38 

86 

48 

66 

100 

IflO 

300 

-300 

Total 

4,50&0 

99.08 

Sample  3: 

• 

1.8 

3.4 

5.1 

10.3 

30.6 

32.6 

24.7 

8.8 

1.4 

3.3 

6.1 
1&7 
38.3 
51.9 
56.7 
58.3 
55.3 
46.7 
46.8 
16.3 

II.O 

37.7 

195.4 

SB9.0 

1,160.5 

1,313.0 

1,361.5 

407.0 

65.7 

37.3 

.31 

.74 

3.81 

ia82 

33.81 

35.61 

36.56 

7.94 

1.38 

30 

28 

85 

48 

66 

100 

IflO 

300 

-300 

.78 

Total 

• '"    1 

51.37 

5,137.0 

100.00 

Sample  4: 

14 

Tr. 

Tr. 
.5 

6.3 
16.1 
23.1 
35.7 
16.1 

4.0 

6.5 

30 

28 

24.0 
30.7 
35.9 
33.1 
48.4 
49.1 
56.1 
36.9 

13.0 

138.0 

417.0 

765.0 

1,114.0 

780.0 

38.0 

33.0 

.87 

3.02 

13.79 

38.46 

34.16 

38.98 

.67 

.71 

35 

48 

66 

100 

IfiO 

300 

—300 

Total 

3,361.0 

100.00    1 

Sample  5: 

14 

.4 

1.8 

5.5 

14.3 

35.7 

36.3 

21.0 

4.5 

.3 

.9 

30 

28 

52.8 
60.6 
73.4 
73.4 
67.4 
64.8 

380.4 

995.3 

1,860.7 

1,830.3 

1,415.4 

391.5 

4.26 
14.60 
37.39 
28.32 
20.76 

4.29 

35 

48 

65 

100 

150 

200 

—200 

36.0 

32.4 

.48 

Total 

6,816.0 

100.00 

Sample  6: 

14 

30 

.4 

3.1 

7.7 

16.4 

22.4 

24.5 

17.0 

4.0 

5.5 

38 

60.2 
53.6 
48.3 
45.3 
35.6 
38.4 
39.0 
40.4 

136.43 
413.72 
790.48 
1,013.48 
873.30 
6R8.80 
156.00 
222.20 

3.96 
39.82 
18.27 
23.83 
30.55 
15.43 
3.68 
5.35 

35 

48 

66 

100 

150 

300 

-800 

Total 

4,245.30 

99.89 

a  Column  2  X  column  3. 

The  characteristics  of  the  samples  were  briefly  as  follows : 
No*  1.  A  fairly  coarse  concentrate  assaying  48,95  per  cent  carbon* 
No.  2.  A  coarse  flake  concentrate  assaying  56.47  per  cent  carbon. 
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No.  4.  A  fine  flake  concentrate  assaying  42.38  per  .cent  carbon. 

No.  5.  A  medium  coarse  flake  concentrate  assaying  73.30  per  cent 
carbon. 

No.  8.  A  medium  coarse  flake  concentrate  assaying  42.45  per  cent 
carbon. 

As  the  work  progressed,  it  was  found  that  duplication  of  all  of 
the  necessary  experiments  on  even  this  number  of  samples  would 
involve  too  much  time;  hence  two  of  the  most  representative  were 
selected  for  investigation,  and  the  conclusions  drawn  from  the  re- 
sults obtained  from  them  were  applied  to  the  rest.  The  two  samples 
chosen  for  the  work  were  Nos.  2  and  4,  as  they  represented  two  gen- 
eral classes  of  concentrate — a  fine  and  n  coarse  medium-grade  ma- 
terial. 

PHYSICAL  FBOFERTIES  OF  GKAPHITE  AND  ASSOCIATED  GANGTJE 

IQNEEALS; 

It  is  evident  that  production  from  the  concentrates  described  of 
a  graphite  stock  containing  85  per  cent  or  more  carbon  would  first 
involve  separation  of  the  graphite  from  its  contained  impurities. 
This  can  be  accomplished  only  by  taking  advantage  of  differences 
between  the  physical  properties  of  the  graphite  and  of  the  associated 
impurities.  For  comparison  of  the  physical  properties  that  might 
be  utilized  for  this  purpose  they  have  been  tabulated  in  Table  2,  as 
follows : 

Table  2. — Physical  properties  of  graphite  and  of  associated  minerals. 


Mineral. 

Specif- 
ic grav- 
ity. 

Hard- 
ness. 

Brittleness. 

Shape. 

Color. 

Electro- 
conduc- 
tivity. 

Surface 
condition. 

Cleavage. 

OrapUte. 
Quartz... 

Mica 

2.1 
2.66 

2.8 

lto2 
7 

2to2i 

Not  brittle.. 
Very  brittle. 

Not  brittle.. 

Flat,  tabu- 
lar plates. 

Massive, 
granular, 

or  compact. 

Thin,  scaly 
plates. 

Dark  gray 
and  black. 

Colorleis,  or 
may  be 
any  color. 

Colorlass,  or 
pale  green 
to  brown 
to  black. 

Good 

Noncon- 
ductor. 

...do 

Metallic 
luster. 

Glassy  or 
vitreous. 

Smooth , 
glassy,  or 
vitreous. 

One  dfreo- 

tion. 
Practically 

absent. 

Nearly  per- 
fect     in 
one     di- 
rection. 

Some  of  these  properties  vary  greatly,  but  others  are  closely  alike. 
Unfortunately  the  property  of  specific  gravity,  most  often  used  in  the 
separation  of  minerals,  can  not  be  used  in  finishing  graphite  because 
the  weights  of  the  various  substances  involved  are  nearly  the  same. 
On  the  other  hand,  properties  that  are  the  least  often  used  in  the  com- 
mercial separation  of  minerals,  for  instance,  electrical  conductivity, 
are  the  properties  that  show  the  greatest  amount  of  difference  and 
must  be  depended  upon  to  give  the  best  results. 

Thus  the  standard  equipment  manufactured  for  the  separation  of 
minerals,  such  as  gravity  tables,  can  not  be  used  to  the  best  advantage 
in  finishing  graphite.  In  fact,  past  experimental  work  with  specific 
136651"— 20 1 


60  MINING  AND  PBEPABINO  DOMESTIC  GRAPHITE. 

gravity  machines  has  substantiated  this  conclusioiL  Also,  because 
no  satisfactory  equipment  has  been  developed  to  make  a  separation 
by  taking  advantage  of  the  little  used  physical  characteristics,  it 
was  necessary  to  construct  special  apparatus. 

ASPIBATOB  TESTS. 

Each  apparatus  investigated  during  this  work  uses  the  phyacal 
properties  or  characteristics  of  the  graphite  and  gangue  minerals  as 
a  means  to  accomplish  separation. 

The  first  experiments  were  made  to  determine  the  possibility  of 
separating  the  graphite  and  gangue  material  by  differences  in  specific 
gravity  and  shape  of  the  various  particles.  The  apparatus  first  tried 
depends  on  the  difference  in  specific  gravity  and  the  difference  in 
shape  of  the  various  minerals  to  accomplish  separation.  This  type 
of  apparatus  is  already  being  used  to  a  limited  extent  in  Alabama 
and  is  there  loiown  as  an  "  aspirator." 

The  aspirator  is  fundamentally  an  air  classifier.  This  name  is 
appropriate  for  the  reason  that  the  separation  depends  on  the  settling 
rate  of  the  different  minerals  in  a  current  of  air. 

The  apparatus  (PI.  I,  ^)  constructed  for  the  experiments  was 
closely  similar  to  those  that  are  being  used  in  the  Alabama  field  at 
the  present  time.  The  material  to  be  treated  is  fed  from  a  hopper 
to  a  roller  from  which  it  drops  into  the  large  end  of  a  long,  sloping, 
horizontally  placed  box.  The  roll  feeder  is  arranged  so  as  to  feed 
the  material  in  an  even  curtain  across  the  whole  opening.  From  the 
small  end  of  the  box  a  pipe  leads  to  a  suction  fan.  The  box  is  13.5 
inches  wide  by  12.5  inches  high  at  the  feed  end,  and  43.5  inches  long. 
The  suction  pipe  is  31  inches  long  and  4  inches  in  diameter. 

Across  the  opening  of  the  box  and  parallel  to  the  ground  line 
are  four  vanes  or  sand  deflectors,  placed  at  such  an  angle  from  the 
vertical  that  any  material  fed  from  the  roller  when  the  air  current 
is  off  will  be  deflected  to  the  outside  of  the  box. 

For  a  description  of  the  oj^eration  of  the  classifier  see  page  25. 

Several  samples  of  the  concentrates  already  described  were  tested 
with  this  machine,  repi'esentative  results  of  several  runs  being  as 
f  ollow^s : 

Grapblte, 
per  cent. 

Heads 51.  23 

Concentrates 69. 23 

TaUings 19.  08 

These  results  show  a  calculated  recovery  of  86.25  per  cent  of  the 
total  graphite  in  the  concentrates  produced. 

The  aspirator  yields  three  products,  as  follows:  Sand  tailings, 
which  are  recovered  on  the  outside  of  the  box  below  the  feed  hopper ; 
coarse  graphite  concentrates,  which  are  heavy  enough  to  be  carried 
into  the  box  and  are  deposited  there,  and  the  pure,  fine  concentrate 
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that  is  too  light  to  be  deposited  within  the  box,  but  is  sucked  through 
the  blower  and  caught  in  a  bag  at  its  outlet 

In  the  particular  test  described,  87.1  per  cent  of  the  concentrate 
was  deposited  in  the  box  and  the  remaining  12.9  per  cent  was  drawn 
through  the  fan.  The  former  material  assayed  6S.4  per  cent 
graphite;  the  fine  material  assayed  74.85  per  cent. 

In  order  that  the  difference  in  the  sizes  of  the  various  products 
made  may  be  compared  with  the  material  before  treatment,  and  with 
each  other,  the  results  of  screen  analysis  and  of  assay  of  each  of  the 
sizes  are  given  in  Table  3  following.  In  this  table  the  results  for  fine 
and  coarse  concentrates  were  combined. 

Tabtj:  3. — Results  of  screen  analyses  and  of  assays  of  aspirator  concentrates, 

COARSE  CONCENTRATES. 
t87.1  per  cent  of  aspirator  concentrates.] 


Mesh. 

Propor- 
tion by 
weight. 

Carbon 
assay. 

Cfu-bom, 

units. o 

Total 
carbon. 

Percent. 

u 

Percmt. 

Tr. 

0.4 

2.6 

10.6 

24.4 

25.4 

28.3 

7.1 

.5 

.5 

Percent. 

20 

83.7 
89.0 
87.4 
80.8 
00.0 
62.0 
M.4 
23.3 
23.4 

33.5 

231.8 

926.5 

1,972.0 

1,7B3.0 

1,756.0 

173.2 

11.5 

11.5 

0.49 

3.39 

13.55 

28.83 

25.63 

25.68 

2.53 

.17 

.17 

28 

35 

48 

6S 

100 

150 

200 

—300 

Total 

99.8 

68.39 

6,839.0 

100.44 

a  Column  2  times  column  3. 

FINE  CONCENTRATES. 
[12.9  per  cent  of  aspirator  concentrates.] 


14 

None. 

None. 

Tr. 

1.6 

9.2 

24.1 

37.8 

17.1 

3.9 

5.8 

20 

28 

35 

88.1 
90.3 
87.8 
81.1 

141.00 

831.00 

2,118.00 

3,063.00 

1.70 
10.92 
28.11 
40.74 
14.17 
2.36 
2.08 

48 

65 

100 

160 

02.8 

1,073.00 

200 

-200 

Totai 

48.8 
29.2 

190.00 
169.00 

99.5 

74.85 

7,585.00 

100.08 

ASPIRATOR  TAILINGS. 


14 

5.00 

8.00 

12.80 

18.50 

28.40 

20.00 

6.40 

.20 

Tr. 

.20 

4.1 
12.9 
23.2 
26.9 
24.0 
13.2 

5.9 
12.3 

20.5 
103.2 
207.5 

498.0 
681.5 

264.0 

37.8 

2.5 

1.05 

5.41 

15.59 

28.10 

35.60 

13.83 

1.98 

.13 

20 

2fr. 

35 

48 

65 

100 

150 

200 

—200 

15.3 

3.0 

.15 

Total . . : 

99.5 

19.08 

1,908.0 

99.90 
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It  should  be  noted  that  the  greatest  concentration  and  improvement 
of  prochict  is  in  the  coarser  material  of  the  coarse  concentrates.  The 
great  difference  between  the  carbon  content  of  the  material  coarser 
than  150  mesh  and  of  that  finer  than  this  size  is  very  striking  and  also 
important. 

As  regards  the  fine  concentrates  produced  the  large  percentage 
(83.02),  which  is  —48  mesh  and  -|-150  mesh,  is  noteworthy  as  is  the 
high  carbon  content  of  the  -|-200  material. 

Treatment  of  another  sample,  Xo.  4,  in  the  aspirator  gave  the  fol- 
lowing results,  showing  a  calculated  recovery  of  96.2  per  cent  of  the 
total  graphite  in  the  concentrates  produced : 

Carbon, 
percent. 

Heads 42.61 

Concent  rates 56.  62 

Tailings 6.03 

These  results  indicate  that  although  some  of  the  impurities  can  be 
removed  with  the  aspirator,  thereby  materially  raising  the  grade  of 
the  material,  the  application  of  this  type  of  aspirator  will  never  be 
general. 

It  has  long  been  known  that  the  coarse  sand  particles  cause  the 
greatest  destruction  of  the  large  flake  in  the  buhr  mill.  When  the 
concentrates  carry  a  large  proportion  of  sand  particles  of  such  a 
nature  that  the  type  of  treatment  described  will  raise  the  grade  of 
the  crude  product  to  70  per  cent  or  better,  the  aspirator  can  un- 
doubtedly be  used  to  great  advantage  before  treating  the  concentrates 
in  the  buhr  mill.  However,  unless  there  is  a  comparatively  large 
proportion  of  such  impurities  in  the  crude  concentrate,  the  aspirator 
can  not  be  used  to  the  best  advantage.  The  apparatus  should  cer- 
tainly not  be  incorporated  in  a  finishing  mill  except  aftet*  thorough 
and  comprehensive  tests  to  determine  the  results  that  can  be  obtained 
by  its  use,  and  then  only  on  the  advice  of  a  competent  engineer  con- 
versant with  the  conditions  that  nmst  be  met  by  the  installation. 

Probably  the  most  potent  reason  for  the  comparatively  poor  results 
obtained  with  the  aspirator  was  the  wide  variety  in  size  of  the  mate- 
rial treated.  When  a  current  of  air  strong  enough  to  remove  the 
coarse  graphite  flakes  from  the  feed  was  used,  the  fine  sand  would,  at 
the  same  time,  be  drawn  into  the  box  with  the  concentrate. 

However,  when  the  concentrates  are  of  low  grade  and  contain  a 
large  quantity  of  coarse  sand,  treatment  by  such  a  simple  process  as 
the  one  just  described  is  so  advantageous  that  its  use  should  be  con- 
sidered, and  when  feasible,  the  designing  engineer  should  include  an 
aspirator  in  a  projected  plant. 
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TESTS  WITH  FNEXnCATIC  JIO. 

The  pneumatic  jig  was  the  next  apparatus  tested.  Its  construction 
differs  greatly  from  that  of  the  aspirator,  although  the  principles 
involved  in  the  operation  of  each  are  similar.  As  this  equipment  has 
been  manufactured  on  a  commercial  scale  for  several  years,  its  use 
would  be  advantageous  when  feasible,  as  a  more  simple  and  standard 
"  layout "  could  be  arranged  than  where  improvised  equipment  like 
that  described  was  used.  Both  types  would  be  simple  to  operate,  the 
aspirator  being  capable  of  more  sensitive  adjustment. 

The  jig  used  in  the  graphite  tests  is  a  small  laboratory  apparatus, 
built  by  the  manufacturers  of  the  standard  machine,  for  laboratory 
experiments.  Plate  II,  A^  shows  the  jig  as  set  up  for  work.  It 
comprises  a  small  metal  box,  the  bottom  of  which  is  made  of  a 
screen  3.25  by  2.5  inches.  Air  pressure  of  2  to  4  ounces,  furnished 
by  a  pressure  blower  or  compressor  is  admitted  to  the  bottom  of  the 
box  under  the  screen  through  a  small  rapidly  rotating  valve.  The 
rapid  pulsation  of  the  air,  due  to  its  passage  through  the  valve, 
causes  the  material  on  the  screen  to  remain  in  continuous  agitation 
and  partial  suspension.  Consequently,  the  coarse  sandy  impurities, 
being  heavier,  collect  at  the  bottom,  the  lighter  graphitic  material 
being  stratified  above  the  sand.  The  jig  is  so  arranged  that  opera- 
tion is  continuous,  the  sand  being  constantly  collected  and  dis- 
charged from  one  side,  while  the  lighter  graphite  is  separated  above 
the  sand  and  discharged  from  the  top  of  the  column  and  on  the 
other  side. 

Several  tests  were  made  with  the  jig,  representative  results  being 
as  follows: 

Results  of  tico  representative  tests  tcith  pneumatic  jig. 

Carbon,  ijer  cent — 
Sample  2.»  Sample  4.* 

Heads 51.  23        42. 61 

Concentrates 69.  66        64. 13 

Tailings  15. 11  3. 14 

It  is  seen  that  the  recovery  of  clean  tailings  from  the  treatment 
of  sample  4  was  higher  than  from  the  treatment  of  sample  2.  In 
order  that  the  products  after  treatment  can  be  compared  with  the 
original  feed  as  to  size  and  carbon  content,  the  screen  analysis  and 
related  data  are  given  in  Table  4  following : 

•A  calculated  recovery  of  91.23  per  cent  of  the  graphite  In  the  jlj;  concentrate  is  in- 
dicated. 

*A  calculated  recoverj  of  97.5  per  cent  of  the  graphite  In  the  Jig  concentrate  Is  in- 
dicated. 
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Table  4,— Results  of  m^een  analyse*  an4  of  assays  of  jig  concentrate  and 

taiiin^. 

[Sample  4.] 


X 

Coaoentrate. 

Tatting. 

Mesb. 

IVopor- 

tion  by 

Cte^on 
assay. 

Carbon, 
unit&o 

t 

Total 
carbon. 

Propor- 
tion bv 
weiglit. 

Carbon 

assay. 

1 

Ovbon,  1 
UQits.a 

Total 

earboQ. 

14 

P<T  cent. 

None. 

Tr. 

a4 

3.1 

10.5 

2a8 

29.1 

21.1 
&8 
9.3 

Pfroent. 

PereenL 

Pereent. 

ai 

.4 

%(* 
16.7 
98.6  1 

27.8 

1&7 

9.8 

«2 ; 

.3, 

Pffcenl. 
&2 

i"i* 

14.8 
62.8 
§7.2 
8&2 
4&S 
7.8 

Pfreem. 

20 

a66 

28 

8BL9 

7a  4 

76.4 
60.7 
64.5 
62.6 
55.1 
39.8 

22.5 

242.5 
802.5  1 

1,450 

1,875 

1,322 
319.5 
370      1 

a5t 

3.78 
13.51 

22.61 
21.23 

2a  61 

4.98 
6.77 

b.7 
4.0 
3.4 
3.1 
2.6 
.8 

4.63 

35 

19.65 

48 

30l42 

65 

2&96 

100 

IS.  21 

ISO 

2.44 

tm 

—200 

1 

TotoL 

100.1 

64.12 

6,414 

100.00 

99.2  1 

1 

3.19 

t 

1 

a  *'  Proportion  by  ««ight*'  times  "carbon  assay.** 

The  results  jriven  in  the  table  indicate  that  the  air  jig  has  practi- 
cally the  same  field  of  application  as  the  aspirator,  also  that  it  can 
be  made  to  produce  a  cleanei*  tailing  than  the  aspirator,  but  the  aspi- 
rator will  give  a  higher  grade  of  finished  product.  This  condition 
will  not,  however,  interfere  with  the  jig's  usefulness,  provided  the 
material  it  removes  from  the  crude  concentrate  is  the  coarse  sand  that 
causes  the  high  loss  of  coarse  flake  in  the  buhr  mill.  An  inspection 
of  the  various  pitxiucts  of  the  jig  will  indicate  that  it  does  remove 
the  coarse  sand  particles. 

Many  of  the  remarks  regarding  the  use  of  the  aspirator  apply  also 
to  the  air  jig.  There  is  no  question  that  under  certain  circumstances 
the  jig  can  be  made  to  do  valuable  work  in  the  preparation  of  crude 
graphite  for  crucible  making,  but  the  character  of  the  crude  con- 
centrates themselves,  and  the  other  factors  that  enter  into  the  com- 
mercial finishing  of  concentrates  must  be  considered  before  the  jig 
be  recommended  for  use  in  preliminary  treatment.  If  the  jig  is  used 
only  to  do  that  work  for  which  it  is  particularly  adapted,  the  removal 
of  coarse  sand  impurities,  its  success  is  assui'ed. 

TESTS  WITH  PEBBLE  MILL. 

Probably  the  most  striking  characteristics  of  graphite  flakes  are 
their  toughness  and  shape.  In  these  two  respects  the  flakes  differ 
greatly  from  the  impurities  usually  associated  with  the  graphite  in 
the  crude  concentrates.  It  was  hoped,  therefore,  that  thase  prop- 
erties could  be  utilized  in  separating  the  graphite  from  the  associated 
impurities. 
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It  was  thought  that  the  coarse  sand  impurities,  although  much 
harder  than  the  graphite  flakes,  were  so  much  more  brittle  that  the 
concentrate  could  be  so  ground  as  to  reduce  materially  the  size  of 
the  sand  particles  without  causing  a  material  reduction  in  the  size 
of  the  graphite  particles.  A  careful  survey  of  the  different  classes  of 
grinding  machinery  indicatied  that  this  operation  could  be  carried  out 
with  greatest  chance  of  success  in  a  mill  of  the  ball  or  pebble  type. 

The  difference  in  the  specific  gravities  of  the  two  materials  was 
also  a  reason  for  believing  that  this  sort  of  selective  grinding  could  be 
done.  It  was  thought  that  under  the  correct  conditions  of  dilution 
the  heavier  sandy  material  would  tend  to  classify  in  the  bottom  of  the 
charge  among  the  grinding  balls  where  it  would  be  ground  more  than 
the  graphite,  which,  because  of  its  lighter  weight  would  tend  to 
segregate  higher  in  the  charge  and  out  of  the  grinding  zone.  Such 
a  separation  corresponds  closely  to  that  in  a  hydraulic  classifier. 
The  results  obtained  from  experiments  proved  that  in  most  particu- 
lars the  assumptions  were  fundamentally  correct. 

After  a  treatment  such  as  suggested,  which  would  produce  a  pro- 
duct with  the  sandy  constituents  ground  finer  than  the  flake  graphite, 
two  methods  of  separating  the  sand  and  graphite  are  available. 

One  of  the  methods  is  by  screening.  Experiment  showed  that 
after  such  grinding,  the  grade  of  the  original  material  could  be 
raised  26  per  cent  or  more  by  simply  passing  the  gi-ound  concentrate 
over  a  100-mesh  screen.  It  will  be  recalled  that  100-mesh  material 
is  the  smallest  size  that  can  be  satisfactorily  used  in  crucible  making. 

The  other  method  is  by  flotation,  the  process  by  which  much  of  the 
crude  concentrate  produced  in  the  Alabama  field  is  made.  Tests 
revealed  that  in  order  to  recover  the  coarse  flake  in  the  ore  bv  flota- 
tion,  it  was  necessary  to  make  a  fairly  low  grade  concentrate.  The 
reason  seemed  to  be  that  some  of  the  silicious  material  was  porous 
and  sponge-like  in  structure,  and  contained  quantities  of  entrained 
air  which  invariably  caused  the  sand  to  float  with  the  carbon. 

Wet  gi'inding  of  the  concentrate  in  a  ball  mill  tended  to  break 
up  the  pumice-like  silica  and  to  eliminate  the  entrapped  air.  When 
this  had  been  done,  the  silica  did  not  float  as  readily  as  before. 
Therefore,  after  grinding,  the  concentrate  can  be  refloated  and  its 
grade  raised  to  a  degree  corresponding  to  the  amount  of  the  spongy 
sand  removed. 

A  small  laboratory  pebble  mill  (see  PI.  I,  fi,  p.  50)  was  used  in  the 
grinding  tests.  The  charges  consisted  of  50  per  cent  water  and  50 
per  cent  crude  concentrate.  The  grinding  periods  varied,  but  at  first 
were  of  30  minutes'  duration. 

A  certain  sample  contained  90  per  cent  of  the  carbon  as  material 
coarser  than  100  mesh  which  assayed  53.9  per  cent  carbon  before 
grinding.  After  grinding  in  the  pebble  mill,  81  per  cent  of  the 
carbon  still  remained  on  a  100-mesh  screen  as  material  which  assayed 
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61.3  per  cent  carbon.  These  results  indicated  that  a  decided  improve- 
ment had  been  made  in  the  grade  of  the  material  coarser  than 
100-mesh,  with  a  loss  of  only  9  per  cent  of  the  valuable  coarse  flake. 
On  the  strength  of  these  results,  it  was  decided  to  make  a  series 
of  tests  under  the  conditions  already  described,  but  varying  the 
length  of  the  grinding  period  in  each  test.  The  results  of  this  series 
of  experiments  are  given  in  Table  5  following : 


Table  5. 


■Results  of  grinding  graphite  samples  in  pebble  mill  icith  equal  parts 

of  water. 


Time  of 
grinding 
(hours). 

Grade  of 

concentrate 

(percentaffp 

of  carbon  in 

+100-mesh 

material). 

Carbon  remaining  on 
lOO-mcsh  screen. 

Percentage 
of  total 

carbon  of 
original 
sample. 

Percentage 
of  +100. 

mesh 

carbon  in 

original 

sample. 

Sample  2. 

'Sample  4. 

0 

1' 

0 

it 

2 

53.9 
61.3 
77.6 
81.7 
79.8 
81.4 
82.1 

47.9 

Tae 

74.6 
81.4 
75.4 
8a5 
82.4 

9a  00 
81.00 
8a  60 
83.30 
81.40 
72.60 
67.40 

80.5 
66.9 
62.7 
62.5 
5&7 
59.3 
61.1 

100.00 
90.90 
89.60 
92.50 
9a  40 
8a  60 
74.80 

100.00 
81.80 
77.90 
77.60 
72.90 
73.60 
G3.50 

The  results  are  plotted  in  figures  16  and  17.     The  figures  show 
that  the  correct  time  for  grinding,  imder  the  conditions  of  this  set 
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FiGURX  16. — Currefl  showing  resalts  of  grisding  sample  2  in  pebble  mill  with  equal  parts 

of  water,     a,  RecoTery;  b,  carbon 

of  experiments,  is  the  time  that  will  produce  the  highest  grade 
of  -f-^^^-niesh  material  with  a  minimum  destruction  of  the  flake 
•that  originally  existed  in  the  concentrates  coarser  than  100  mesh. 
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On  the  curve  this  point  will  be  at  the  intersection  of  the  line 
representing^  the  assay  of  the  +100-niesh  material  with  the  line 
representing  the  recovery  of  +1^0-mesh  carbon.  For  sample  2 
the  time  is  about  one  hour,  whereas  for  sample  4  it  is  about  30 
minutes. 


• 

J 

3L 

(1 

a 

J 

— 

— 

-i4 

—, 

\ 

V 

^ 

^ 

'1 

• 

^ 

t 

/■ 

1^ 

^ 

fc^ 

*— 

< 

t 

r- 

-=> 

1 

■^ 

5 

I 

"^ 

» 

<r 

■ 

FiocaB  17. — Curves  ebowing  results  of  griDding  sample  4  in  pebble  mill  witb  equal  parts 

.  of  watpr.     a.  Carbon ;  h,  recovery. 

It  is  evident  from  these  results  that  the  conditions  that  give  the 
best  resiilts  will  vary  with  the  physical  characteristics  of  the  crude 
concentrate  itself,  and  must  be  determined  by  actual  experiment  with 
the  material  that  is  to  be  treated  in  the  commercial  plant. 


FiGUBE  18. — Curves  sbowlng  results  of  grinding  sample  2  in  a  pebble  mill  with  different 

percentages  of  water,    o.  Recovery  ;  b^  carbon. 

In  order  to  determine  the  effect  of  varying  the  amount  of  water 
in  the  pebble-mill  charge,  several  tests  were  made,  with  sample  2, 
the  other  conditions  being  similar  to  those  that  had  been  proved 
to  be  the  most  satisfactory  in  the  previous  series.  The  results  of 
these  tests  are  shown  in  Table  6  following  and  in  figure  18.  The  con- 
centrates were  fed  to  the  mill  at  the  rate  of  400  grams  per  hour. 
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Table  0. — Results  of  grinding  graphite  sample  2  in  pehbJe  will  tcith  different 

percent  ages  of  water/* 


Carbon  rpmatnlni;  on 

Grade  of 

100-mesh  screen. 

Quantity 

conocn- 
trate  (per- 

Water in 

of  water 

centage  of 

Percentage 

Percentage 

mill  pulp 
(per  cent). 

ii.s<»d(c.c.). 

carbon  in 

of  total 

of +100- 

+100-me.sh 

carbon  of 

mesh  car- 

material). 

original 

bon  of  orie- 
Inal  sample. 

gample. 

0 

63.0 

00.00 

100.00 

OlC 

aoo 

77.6 

73.7 

81.00 

42.8 

400 

81.7 

83.3 

03.60 

50.0 

600 

83.5 

87.0 

06.60 

55.55 

600 

85.0 

84.50 

03.  ao 

60.0 

700 

84.1 

83.40 

02.50 

63.6 

800 

84.7 

85.10 

04.50 

66.6 

a  See  also  figure  18. 

Figure  18  shows  that  no  improvements  in  the  results  are  to  be 
noted  after  a  dilution  of  60  per  cent  water  is  reached.  In  this  ex- 
periment the  grade  of  the  +10^-Da6sh  material  was  raised  from  53.9 
per  cent  carbon  to  85  per  cent  carbon,  with  a  loss  of  only  7  per  cent 
of  the  carbon  that  was  coarser  than  100  mesh  before  grinding. 

DISCUSSION  OF  PEBBLE-HILL  BESULTS. 

In  summarizing  the  results  obtained  by  the  pebble-mill  grinding, 
it  may  be  said  that  the  apparatus,  when  operated  under  the  condi- 
tions that  have  been  determined  to  be  the  most  satisfactory,  will 
raise  the  grade  of  the  -|- 100-mesh  material  in  a  crude  concentrate  to 
such  a  degree  that  the  following  buhr-mill  grinding  can  be  carried  on 
to  gi^-^  the  maximum  results  possible  with  it.  At  the  same  time,  the 
results  indicate  that  the  pebble  mill  can  not  be  used  to  produce  a 
finished  grade  of  product.  In  other  words,  the  pebble-mill  grind- 
ing should  be  used  only  as  a  step  in  the  process,  and  preparatory 
to  treatment  in  the  buhr  mill. 

The  choice  of  method  of  removing  the  impurities  that  are  ground 
in  the  pebble  mill  will  depend  on  the  character  of  the  concentrates 
that  are  being  treated  and  other  conditions  that  will  be  encountereil 
in  the  commercial  finishing  plant. 

The  results  obtained  in  the  experiments  here  described  indicate 
clearly  that  pebble-mill  grinding  has  a  wide  field  and  can  be  made 
to  produce  favorable  results  even  under  the  most  adverse  and  diffi- 
cult operating  conditions. 

TESTS  WITH  ELECTROSTATIC  SEPAEATOE. 

The  great  difference  between  the  electroconductivity  of  graphite 
and  that  of  the  principal  impurities  as.sociated  with  it  in  the  crude 
concentrates  early  suggested  that  a  method  of  separation  based  on 
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electroconductirity  miglit  be  developed.  Such  a  metliod  has  already 
been  tried  to  a  certain  extent  in  the  Alabama  field,  but  the  results 
in  general  have  been  unsatisfactory. 

However,  in  one  part  of  the  Alabama  district  producing  concen- 
tastes  high  in  mica  but  very  low  in  iron,  the  process  worked  well  on 
a  commercial  scale  and  is  being  used  there  at  the  present  time.  Such, 
material  is  particularly  adapted  for  electro^^c  treatment;  hence 
the  process  gives  satisfactory  results,  although  certain  changes  in  the 
separator  as  originally  designed  were  made  in  order  to  overcome  in- 
herent mechanical  defects.  As  this  condition  was  only  local,  how- 
ever, electrostatic  separation  was  never  successfully  used  in  the  rei^ 
of  the  district. 

Improvements  in  the  concentration  mill  made  possible  the  produc- 
tion of  concentrate  carrying  so  much  less  iron  that  it  was  thought 
that  the  iron  would  no  longer  be  a  determining  factor,  and  that  hence 
the  electrostatic  process  ^ould  offer  much  more  chance  for  success 
than  previously.  Thus,  in  order  to  use  this  method  of  separation, 
it  seemed  necessary  only  to  construct  a  machine  that  would  eliminate 
the  mechanical  difficulties  previously  encountered  in  the  operation  of • 
this  type  of  apparatus. 

With  this  end  in  view,  a  series  of  experiments  was  made  with  a 
large  machine  of  the  type  at  present  on  the  market,  in  order  to  deter- 
mine definitely  the  reason  for  its  previous  failure.  However,  with 
this  machine  the  separation  was  not  satisfactory.  The  poles  of  the 
machine  are  so  arranged  that  the  graphite  particles  receive  a  certain 
charge  from  one  pole  and  are  thrown  into  the  field  of  the  opposite 
pole;  then  the  charge  first  obtained  is  neutralized  and  the  particles 
are  thrown  in  the  direction  of  the  first  pole.  Consequently  the  ma- 
terial progresses  through  the  apparatus  in  a  zigzag  path,  first  in  one 
direction  and  then  in  the  opposite,  with  the  result  that  no  separa- 
tion of  the  graphite  from  the  nonelectroactive  particles  is  obtained. 
The  sand  and  other  impurities,  not  being  affected  by  the  charges 
acting  on  the  graphite,  fall  directly  through  the  machine.  There- 
fore, the  graphite  will  be  separated  from  the  impurities  while  pass- 
ing the  first  pole,  but  on  passing  the  oppositely  charged  pole  will  be 
thrown  in  the  opposite  direction  and  into  the  sand  from  which  it  has 
just  been  separated.  Eventually  the  mixture  is  discharged  prac- 
tically unchanged  from  its  original  state. 

The  experiments  demonstrated  that  in  order  to  overcome  the 
faults  mentioned  it  would  be  necessary  so  to  design  a  machine  that 
when  a  graphite  particle  had  received  a  charge  of  a  certain  sign,  it 
would  carry  this  charge  unneutralized,  and  not  be  forced  in  the 
opposite  direction  and  lose  its  tendency  to  separate. 
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Many  experiments  were  made  with  this  end  in  view,  and  two 
types  of  apparatus  were  constructed.  It  was  found  possible  to  build 
a  machine  of  such  type  that  only  one  set  of  poles  would  tend  to 
impart  a  charge  to  the  graphite  particles;  these  would  be  repelled 
directly  into  the  concentrate  hopper  and  given  no  chance  to  be 
neutralized  and  thrown  back  into  the  impurities. 

Figure  19  shows  the  principal  details  of  the  separator  as  finally 
constructed,  and  indicates  the  manner  of  its  operation.  A  view  of 
the  separator  as  set  up  ready  for  work  is  shown  in  Plate  III. 

The  material  to  be  treated  is  placed  in  the  hopper  at  the  top  of 
the  apparatus  and  is  fed  from  the  hopper  by  a  roller  in  the  bottom. 
The  graphite  first  strikes  one  of  the  inclined  planes  that  carries  a 
weak,  negative  charge.  While  the  graphite  is  on  this  plane  it  there- 
fore receives  also  a  weak,  negative  charge.  As  the  plane  and  the 
grapliite  both  have  the  'same  charge,  the  graphite  will  be  repelled 
and  will  jump  from  the  negative  vane  into  the  field  induced  by  the 
positive  vanes.  On  coming  into  this  opposite  field,  the  graphite 
gives  up  its  weak,  negative  charge  and  receives  instead  a  much 
stronger  positive  one,  which  in  turn  causes  it  to  be  repelled  violently 
from  the  positive  plate  and  through  the  openings  shown  between 
the  electrodes.  After  having  passed  to  the  back  of  the  plates  the 
graphite  is  free  to  fall  directly  into  the  concentrate  hopper  at  the 
bottom  of  the  separator. 

The  sand  and  mica,  being  much  poorer  conductors  of  electricity, 
receive  such  a  weak  charge  from  the  negative  plate  on  which  they 
first  fall  that  they  are  not  repelled  into  the  strong,  positive  field, 
but  simply  slide  from  one  negative  plate  to  the  next  and  so  on  down 
through  the  machine  until  finally  discharged  into  the  tailings  hopper 
at  the. bottom  of  the  apparatus  and  in  front  of  the  concentrates 
hopper. 

The  electrical  equipment  used  to  operate  the  separator  consisted 
of  a  5-k.  V.  a.  transformer  designed  and  built  as  an  oil-testing  trans- 
former. It  is  equipped  with  a  hand-operated  voltage  regulator  so 
arranged  that  the  voltage  can  be  varied  from  zero  to  the  maximum. 
While  the  transformer  has  a  secondary  voltage  of  50,000  volts,  only 
half  of  this  is  available  for  rectification  as  the  center  of  the  second- 
ary coil  is  permanently  grounded  to  the  transformer  case. 

The  rectifier  is  of  the  mechanical  type.  It  consists  of  a  rotating 
disk  driven  by  a  synchronous  motor.  Stationary  shoes  and  revolving 
electrodes  on  the  disk  make  and  break  the  circuit  so  as  to  rectify 
alternating  waves.  This  arrangement  gives  a  unidirection  pulsating 
current  necessary  for  the  operation  of  the  machine.  Figure  20  shows 
the  wiring  diagram  of  this  equipment. 
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o  iFl 

FIOUBS    19. — Electrostatic   graphite    separator    designed    by    Bureau    of    Mines.     a>    To 

rectifier;  5^  to  ground;  o,  tailings;  d,  concentrate. 
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The  table  following  gives  a  series  of  readings  taken  while  the 
electrostatic  separator  was  operated  at  the  various  voltages  used  in 


o 

o 


FiarBB    20. 


-WI^!n^'    diagt>nm    of    eloctrlcal    equipment    used    for   electrostatic    graphite 
Ri'pnrator  designed  by  the  Bureau  of  Mlnen. 


testing.  This  table  shows  that  only  "200  watts  is  requii-ed  to  operate 
the  apparatus  at  the  highest  voltage.  This  is  equivalent  to  only 
0.87  k.  v.  a. 


Rc8u1t.s  of  transformer  readings  taken  m  rleetroHtatie-fteparator  tests. 


Primary  coil. 


Amperos.    Watts 


Secondary  coil. 


0.21 
.:» 
.29 
.34 

-.40 
.53 


37,900 
27,500 
26,250 
24,200 
22,500 
17,000 


The  equipment  (5  k.  v.  a.)  is  therefore  large  enough  to  operate  a 
battery  of  six  machines  of  the  same  type  and  size  as  the  one 
described.  Obviously  the  cost  of  power  for  the  concentrating  of 
graphite  by  electrostatic  means  will  be  small,  an  important  con- 
sideration where  power  is  costly. 

After  the  completion  of  the  equipment  just  described,  a  series  of 
tests  was  made  with  the  various  concentrate  samples  in  order  to  de- 
termine the  efficiency  of  the  device  and  the  limitations  of  its  use. 
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The  voltage  used  in  all  of  the  tests  was  28,500.     The  table  following 
shows  the  results  obtained  in  the  treatment  of  the  various  samples. 


Results  of  tests  with  electrostatic  separator. 


Sample  No. 

Percsntage  of  graphite  in- 

Percentage  of 
concentrates — 

Feed. 

Coaoen- 

trates. 

Tailing. 

Coaiser       Finer 
than          than 
lOOmesh.  lOOnMBh. 

1 

48.95 
51.25 
51.23 
42.61 
42.61 
81.2 

48.95 
73.80 
42.60 
42.45 
4a  44 

59.02 
74.23 
78.81 
68.58 
75.89 
87.62 

64.00 

83.0 

71.20 

67.20 

80.40 

25.16 

13.90 

19.04 

8.30 

61.5 
75.8 
8a2 
71.1 
80.6 
88.5 

66.2 
63.2 
71.6 
77.4 
81.6 

24.2 
59.8 
61.6 
24.7 
65.2 
60.4 

58.4 
73.2 
71.0 
62.4 
72.4 

2 

2 

4 

4 

3-100 

Bnhr  mill: 

1 

25.00 
52.80 
15.60 
17.80 
33.00 

5 

4 

8 

9 

The  results  obtained  with  the  electrostatic  separator  can  be  con- 
sidered most  satisfactory  for  two  reasons.  The  tabulated  results 
show  that  in  every  test  the  grade  of  the  concentrates  was  consider- 
ably higher  than  the  material  fed  to  the  machine.  This  improve- 
ment was  accomplished  without  grinding,  a  step  that  will,  in  spite 
of  all  precautions,  cause  a  certain  reduction  in  size  of  the  original 
coarse  material  in  the  crude  concentrates.  , 

In  each  of  the  eleven  tests,  except  one,  the  concentrates  were  in- 
ci*eased  in  grade  by  10  to  40  per  cent  carbon.  The  proportion  of 
carbon  remaining  in  the  tailings  of  the  electrostatic  separator  varied 
greatly,  but  this  variation  was  due,  in  almost  every  instance,  to  the 
carbon  that  is  too  fine  to  be  acted  upon  by  the  apparatus  in  the  most 
efficient  manner,  or  to  the  variation  in  the  number  of  flakes  of  graph- 
ite attached  to  pieces  of  sand  large  enough  to  cause  them  to  be  drawn 
into  the  tailings.  Obviously  the  degree  of  variation  will  depend  on 
the  condition  of  the  concentrates  themselves  and  not  on  the  treat- 
ment to  which  they  are  subjected.  The  photomicrographs  presented 
in  connection  with  the  discussion  of  flake  structure  on  pages  66  to  67, 
show  this  condition  clearly. 

As  the  value  of  graphite  flake  for  crucible  making  depends  on 
the  assay  of  the  material  that  is  coarser  than  100  mesh,  the  value 
of  any  plan  of  treatment  will  depend  on  the  grade  of  this  100-mesh 
material  produced.  For  this  reason,  the  assays  of  the  100-mesh 
part  of  the  concentrates  are  given,  as  well  as  the  assays  of  the  whole 
product.  The  results  of  the  +100-mesh  assays  show  that  out  of  the 
eleven  tests  reported  only  two  of  the  +  100-mesh  concentrates  con- 
tained less  than  70  per  cent  carbon,  while  seven  of  the  number  con- 
tained more  than  75  per  cent  graphite.    Such  results  were  especially 
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satisfactory  in  view  of  the  fact  that  the  concentrates  had  not  been 
ground,  with  the  consequent  loss  of  coarse  flake  always  resulting 
from  a  treatment  of  this  nature. 

It  was  found  necessary  to  give  the  concentrates  two  treatments 
in  the  electrostatic  separator  in  order  to  obtain  optimum  results- 
This  requirement  could  be  met  in  a  commercial  installation  in  one 
of  two  ways — ^by  installing  twice  the  number  of  separators  required 
for  a  single  treatment  or  by  constructing  apparatus  containing  twice 
the  number  of  poles  in  the  experimental  equipment.  It  is  probable 
that  the  latter  method  would  prove  the  more  satisfactory. 

SUMMABY   OF  RESULTS  WITH  EIiECTBOSTATIC   SEPABATOB. 

The  results  obtained  with  the  electrostatic  separator  prove  con- 
clusively that  electrostatic  separation  can  be  successfully  used  in 
the  finishing  of  gi'aphite.  They  also  indicate  that  the  separators 
on  the  market  at  present  will  have  to  be  changed  in  certain  respects 
in  order  to  make  possible  the  obtaining  of  satisfactory  results  by 
their  use.  The  results  also  seem  to  prove  that  the  apparatus  has  a 
wider  application  than  is  possible  with  any  of  the  other  devices 
tested,  with  the  possible  exception  of  the  buhr  mill. 

The  electrostatic  process  seems  also  to  be  the  most  economical,  as 
the  cost  of  power  is  low  and  the  loss  of  coarse  and  valuable  flake 
is  small. 

At  the  same  time,  it  is  to  be  expected  that,  although  the  device 
will  invariably  improve  the  grade  of  the  concentrates  treated,  it 
will  not  yield  a  finished  product  containing  85  per  cent  carbon^ 
which  is  satisf actorj'  for  crucible  manfacture. 

However,  the  improvement  in  grade  of  the  concentrates  tested 
was  so  great  as  to  indicate  that  electrostatic  separation  will,  with 
few  exceptions,  produce  a  feed  for  the  buhr  mill  that  will  be  ideal 
for  that  apparatus  to  finish  to  the  crucible  requirements  without  ex- 
cessive loss  of  coarse  flake.  The  removal  of  the  coarse  sand  was 
almost  complete. 

The  results  already  given  show  that  although  the  electrostatic 
separator  will  benefit  the  concentrates  the  degree  of  beneficiation 
will  vary.  Seemingly,  the  degree  of  variation  depends  on  the  physi- 
cal condition  of  the  concentrates  themselves  previous  to  treatment. 
In  other  words,  the  results  to  be  obtained  with  this  separator,  like 
those  with  any  other  type  of  equipment,  will  depend  on  the  concen- 
trates themselves.  Hence  there  can  be  no  doubt  that  conditions  will 
sometimes  be  met  under  which  this  type  of  treatment  would  not  be 
as  satisfactory  as  some  other  that  might  be  developed  for  the  re- 
moval of  the  coarse  sand.  However,  the  process  has  a  more  general 
application  than  any  of  the  methods  described  thus  far. 
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FLOTATION  AS  A  FINISHING  PBOCESS. 

Flotation  as  a  process  of  concentrating  the  graphitic  content  of 
ores  has  been  used  for  some  time  and  with  a  fair  degree  of  success. 
For  this  reason  and  because  graphite  has  a  much  greater  tendency 
to  float  than  the  impurities  that  are  usually  found  associated  with 
it  the  idea  of  refloating  the  concentrate  to  remove  the  impurities 
before  buhr-mill  treatment  was  suggested. 

There  are  two  primary  reasons  for  thinking  that  double  flotation 
could  be  used  in  this  connection.  The  first  is  the  law  of  concentra- 
tion that  the  grade  of  the  concentrates  produced  by  a  concentration 
process  will  vary  directly  with  the  richness  of  the  feed  being  treated. 
As  it  is  possible  to  produce  a  45  per  cent  graphite  concentrate  from 
ore  carrying  only  3  per  cent  graphite,  it  is  reasonable  to  believe  that, 
under  the  proper  conditions,  it  should  be  feasible  to  make  a  concen- 
trate carrying,  say  70  per  cent  or  more  of  graphite  from  a  feed 
carrying  40  per  cent  or  more  of  graphite. 

The  other  possible  reason  for  the  success  of  flotation  has  already 
been  suggested  in  the  discussion  of  the  use  of  the  pebble  mill.  The 
point  in  mind  is  the  porous  condition  of  much  of  the  silicious  ma- 
terial that  is  found  in  the  crude  flotation  concentrates.  It  was  be- 
lieved that  if  the  concentrates  from  the  first  flotation  treatment 
were  to  be  ground  or  given  some  other  treatment  by  which  the  sand 
could  be  reduced  in  size  sufficientlv  to  liberate  the  entrained  air  this 
siliceous  material  could  be  largely  removed  by  a  second  flotation 
treatment. 

FLOTATION  TESTS. 

In  order  to  prove  or  disprove  these  assumptions,  three  tests  were 
made  with  a  sample  of  flotation  concentrate.  One  of  these  tests  was 
made  after  the  sample  had  been  ground  in  the  buhr  mill,  one  after 
a  treatment  in  the  pebble  mill,  and  one  with  material  just  as  re- 
ceived without  any  treatment  preliminary  to  the  refloating. 

The  results  obtained  bv  this  series  of  tests  were  as  follows: 


Results  obtained  in  three  re  flotation  tests. 


Sample 
No. 


2. 

I 


Previous  treatment 
before  refloatiiig. 


None 

Bohr  mill.. 
Pebble  mm 


Graphite  in— 


Heads. 


Percent. 
61.23 
51.23 
51.23 


Concen- 
trates. 


Percent. 
67.36 
80.73 
83.40 


Tails. 


Per  cent. 
10.8 
2.1 
5.6 


RecoV' 
ery. 


Percent. 
03.7 
08.5 
07.7 


These  results  make  it  evident  that  simple  reflotation,  without  a 
preliminary  treatment,  will  materially  raise  the  grade  of  thie  prod- 
13e651**— 20 5 
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uct,  and  give  a  high  recovery  of  tlie  carbon  content  of  the  feed. 
However,  as  would  be  expected,  the  results  do  not  indicate  that  simple 
reflotation  would  be  satisfactory  in  commercial  practice. 

As  regards  reflotation  following  treatment  in  buhr  or  pebble  mills, 
the  results  are  such  as  to  justify  its  adoption  in  a  commercial  in- 
stallation. 

Both  the  mechanical  and  the  pneumatic  types  of  flotation  ma- 
chines were  used  in  the  tests  and,  as  far  as  could  be  noted,  neither 
of  the  machines  showed  an  advantage  over  the  other. 

Several  oil  mixtures  were  used.  A  mixture  of  2  pounds  of  No. 
17  oil  and  0.75  pound  of  No.  5  oil,  both  made  by  the  General  Naval 
Stores  Ck>.,  was  found  to  be  satisfactory  in  each  test. 

A  series  of  tests  wa.s  also  made  with  sample  2  in  order  to  deter- 
mine the  different  results  that  could  be  obtained  with  different  oil 
mixtures  and  various  periods  of  agitation.  These  results  are  added 
for  genei*al  interest,  and  to  show  what  poor  results  can  be  obtained 
from  a  sample,  by  inefficient  operation  and  incorrect  conditions,  as 
compared  with  the  satisfactory  results  possible  under  proper  con- 
ditions. 

RttiuUM  of  refiftating  (rudif  concentrates. 


8unpl« 
No. 



2 

4 

Prtiliminary  trwt- 
meat. 

PeroenUge  of  graphite  in— 

1 

.\«say  of  conc*n- 
1            bates. 

1 

Heads. 

51.23 
42.61 
51.23 
51.23 
51.23 
51.23 
51.23 
51.23 

ConcMi.      Tails. 

t 

84.24           39. 3 
G9.(>9    1        2.5 
80.73            2.1 

1  Coarser 
1  than  100 
mesh. 

1 

Finer 

then  100 

moah. 

BnhrmiU 

88.00 
73.9 
83.7 
1      86.0 
68.4 

1...^.:... 

70.6 

do 

63.1     . 

2 

67.6 

2 

2 

2 

2 

Pebble  mill 

83.10 

67.35 

87.6 

76.27 

83.4 

77.1 
50.3 

Kone 

10.8 

7.6 

17.68 

5.6 

pAhhliiniill 

. . . .  .do.... ........... 

78.6 

49.0 

2...  . 

dn. 

1 

1 

In  discussing  the  use  of  flota-tion,  it  might  be  said  that  the  process 
when  used  to  treat  concentrates  that  have  been  previously  ground, 
for  instance  in  a  pebble  mill,  will  produce  a  material  that  will  be 
particularly  amenable  to  the  final  treatment  in  a  buhr  mill.  The 
results  indicate  that  supplementary  treatment  will  be  necessary  to 
produce  material  containing  the  required  90  per  cent  graphite. 

THE  BTTHE  MILL;  ITS  PLACE  HT  OSAPHITE  FINISHINO. 

The  function  of  the  buhr  mill  has  been  previously  discussed  in  Ihiis 
report.  The  action  of  the  machine  has  also  been  suggested,  with  the 
two  principal  reasons  for  unsatisfactory  results  under  certain  con- 
ditions, namely,  lack  of  uniformity  in  the  product  finished  by  it,  and 
the  excessive  destruction  of  flake  sometimes  attending  its  use. 
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During  the  comparatively  long  period  that  this  machine  has  been 
used  to  finish  graphite,  methods  of  overcoming  inherent  difficulties 
in  its  use  have  bjBCome  evident.  One  requirement  is  that  the  concen- 
trate be  of  comparatively  high  grade  before  grinding  in  the  buhr 
mill.  With  such  material,  no  difficulty  is  encountered  in  consistently 
producing  a  crucible  stock  assaying  90  per  cent  graphite,  provided 
the  other  conditions  are  correct. 

In  order  that  the  excessive  destruction  of  coarse  flake  incident  to 
buhr  mill  grinding  may  be  eliminated,  it  is  necessary  only  to  remove 
the  coarse,  gritty  particles,  or  at  least  those  coarse  enough  to  require 
a  large  amount  of  grinding  in  the  buhr  mill. 

Stated  simply,  when  the  buhr  mill  is  used  principally  as  a  grind- 
ing machine  on  low-grade  material,  the  grade  of  the  product  result- 
ing can  not  be  depended  upon,  and  an  excessively  large  proportion  of 
the  flake  will  be  ground  to  dust.  When,  on  the  other  hand,  the  ma- 
chine is  used  only  as  a  polishing  or  buffing  machine,  it  can  be  trusted 
to  give  satisfactorj'  results. 

As  already  mentioned,  the  limitations  of  the  mill  were  realized 
early  in  the  progress  of  the  work,  and  the  experiments  were  con- 
ducted accordingly.  Most  of  the  products  resulting  from  the  various 
treatments  contained  less  than  the  required  90  per  cent  of  carbon  and, 
therefore,  could  be  used  by  the  crucible  makers  only  after  a  treatment 
in  the  buhr  mill,  to  bring  them  to  the  necessary  grade. 

A  view  of  the  buhr  mill  used  in  the  experimental  work  is  shown 
in  Plate  11,^  (p.  53). 

BELATION  OF  FLAKE  STBUCTUBE  TO  FINISHING. 

Iii  order  to  show  more  clearly  the  tinith  of  the  assumptions 
previously  stated,  microscopic  studies  were  macle  of  graphite  flakes, 
both  before  and  after  finishing.  Also  a  series  of  microphotographs 
were  made  of  this  material.  Four  of  these  are  reproduced  in  Plates 
IV  and  V. 

The  photographs  show  that  the  flakes  were  composed  of  series 
of  thin  laminations  or  plates  of  graphite,  interbedded  with  thin 
pieces  of  quartz,  mica,  and  other  impurities.  In  some  material  these 
impurities  were  seen  to  be  entirely  surrounded  by  the  carbon. 

In  order  to  determine  the  proportion  of  the  impurities  held  in 
this  manner,  flakes  of  seemingly  pure  graphite,  as  it  occurs  naturally 
in  the  ore,  were  carefully  picked  by  hand  from  the  crude  concen- 
trate and  assayed.  In  selecting  the  sample,  special  care  was  taken 
that  nothing  but  the  free,  natural  flakes  were  obtained  for  assay. 
The  sample  obtained  in  this  manner  was  then  carefully  assayed, 
with  the  following  results:  Moisture,  1.26  per  cent;  carbon,  90.2 
per  cent;  ash  (impurities),  8.54  per  cent.    Examination  of  the  ash 
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under  the  microecope  showed  that  it  consisted  principally  of  mica 
with  some  quartz.  This  experiment  indicated  conclusively  that 
impurities  are  imbedded  between  the  laminations  of  the  graphite, 
and  also  that  the  removal  of  all  impurities  not  attached  to  the 
graphite  flakes  would  give  a  finished  product  assaying  only  90  per 
cent  carbon. 

This  figure  is,  then,  close  to  the  limit  of  graphitic  content  possible 
in  H  finished  material,  even  after  treatment  by  a  perfect  finishing 
process. 

Kvidently  the  interlaniinated  impurities  must  be  freed  from  the 
^aphite  flakes  before  they  can  be  removed  from  the  crude  c*oncen- 
trate,  and  the  only  feasible  method  of  accomplishing  this  is  by  sepa- 
ration of  the  graphite  flakes  into  their  individual  laminations.  It 
follows  that  the  more  there  are  of  these  interbedded  layers  to  be  re- 
moved, the  greater  will  be  the  number  of  plates  into  which  the  flakes 
must  be  subdivided.  Also,  the  greater  the  number  of  plates  made  in 
the  treatment,  the  thinner  they  must  be  and,  hence,  the  smaller  the 
average  diameter  will  tent!  to  be. 

We  have  seen  that  the  value  of  the  graphite  for  rrucible  manufac- 
ture depends  largely  on  the  diameter  of  the  flakes  composing  the 
crucible  stock.  Therefore,  if  all  of  the  interbeilded  impurities  are  to 
be  ramoved,  the  resulting  flakes  will  be  so  thin  and  of  such  smaU  di- 
ameter that  the  value  of  the  graphite  for  crucible  making  will  Im; 
lessened. 

Theoretically  it  would  l)e  possible  so  to  sepai^te  the  flakes  into  in- 
dividual plates  by  buhr-niill  grinding  as  to  make  a  finished  produt-t 
in  such  a  fine  state  of  division  that  it  will  be  valueless.  Hence,  th«^ 
degree  to  which  the  finishing  can  be  accomplished  in  a  commercial 
plant  will  depend  on4:he  number  and  the  characteristics  of  the  intoi* 
bedded  impurities  in  the  crude  flakes.  Tliese  factors  will  also  de- 
termine the  amount  of  gi'inding  that  is  permissible  in  the  buhr  mill 
to  permit  removal  of  impurities,  and  will  determine  the  gi'ade  of 
finished  product  that  will  be  produced  by  a  definite  amount  of  such 
i^iinding.  The  proportion  of  dust  prcnluced  will  also  depend  on  the 
same  factors. 

In  other  words,  the  interl)edded  material  is  the  important  factor 
in  determining  the  economic  possibilities  of  the  finishing  proce«?s. 
If  the  flake  graphite  (contained  in  a  certain  crude  concentrate  is  of 
such  a  nature  that,  in  order  to  produce  90  per  cent  carbon  in  the 
finished  pix)duct,  an  undue  proportion  of  the  carbon  coarser  than 
100  mesh  is  destroyed,  oliviously  the  product  will  not  be  satisfactory. 

There  is  no  doubt  that  the  buhr  mill  is  the  best  commercial  appa- 
ratus tliat  has  been  developed  to  date  for  separating  the  flakes  of 
jrraphitc  into  their  individual  laminations  and  at  the  same  time  iv- 
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ducing  the  freed  impurities  to  a  size  perinittin^  their  removal  by 
screening  or  bolting. 

Several  important  features  must  be  considered  in  grinding  graph- 
ite concentrates  in  a  buhr  mill.  The  first  point  to  be  emphasized 
is  that  in  order  to  produce  a  good  crucible  stock  it  is  necessary  to 
do  more  than  remove  the  gangue  present  in  the  crude  concentrates; 
it  is  also  imperative  that  impurities  interfoliated  between  the  graph- 
ite laminations  be  removed.  Clearly,  in  order  to  remove  such  im- 
purities, some  sort  of  grinding  or  rubbing  process  must  be  used, 
and,  preferably,  this  should  follow  the  removal  of  superficial  or  in- 
cidental impurities,  so  that  these  can  not  act  as  abi*asive  on  the 
graphite  flakes  during  the  grinding. 

From  a  survey  of  the  grinding  or  polishing  apparatus  available, 
the  conclusion  is  reached  that  the  buhr  mill  is  peculiarly  adapted 
for  this  work,  and  that  it  is  the  only  machine  that  can  be  depended 
on  to  do  the  required  work  in  a  satisfactory  manner. 

The  results  of  the  experiments  indicate  that  the  efficiency  of  the 
buhr  mill,  and  hence  of  the  whole  finishing  process,  will  depend  on 
the  character  of  the  material  that  is  being  ground,  and  this  in  turn 
will  depend  both  on  the  character  of  the  flakes  as  they  occur  in  the 
ore  and  on  their  treatment  previous  to  grinding  in  the  buhr  mill. 
Xo  hard  and  fast  rules  can  be  prescribed  for  the  treatment  of  any 
particular  concentrate,  but  in  order  to  determine  the  most  efficient 
treatment,  it  will  be  necessary  to  ascertain  by  experiment  the  best 
s^'stem  to  be  followed. 

The  discussion  indicates  that  satisfactory  results  depend  on  so 
nuinv  and  such  varied  factors  that  undoubtedlv  there  are  certain  con- 
centrates  produced  from  particular  ore  that  can  not  be  made  into  a 
crucible  stock  at  a  profit.  Hence,  it  is  true  that  although  the  equip- 
ment, the  process,  and  the  skill  used  in  operation  are  all  important 
for  successful  results,  there  is  the  added  necessity  that  the  flake  itself 
meet  certain  requirements. 

IKPTTBITIES  IH  OBAPHITE. 

In  order  to  learn  more  of  the  chemical  nature  of  the  impurities 
that  were  encountered  in  the  crude  concentrates,  and  in  the  finished 
graphitic  material,  chemical  analyses  were  made  of  ash  samples  from 
some  of  the  representative  graphite  samples.  The  results  are  pre- 
sented iQ  the  table  following. 
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He9uU$  of  amUy$€9  of  itmmples  of  ffraphiie  auk. 


CoiutittMnt. 

Aahfrom 
grapUto 

aunplea. 

Aflhfrom 
gnphtttt 
nmplA4. 

Ash  from 

aunpleS 

■florBpeciftl 

trastmaat.a 

Ash  from 

aunple2 

sfttrspeeial 

traaUnant.^ 

Pererm. 

51.80 

33.75 

11.85 

.57 

2.54 

BlOt. 

Per  end. 
55.80 
90.68 

io.n 

.80 
2.45 

Pereeta. 

7&71 

11.45 

5.65 

.73 

.71 

PereeiA. 

45.45 

86.90 

14.00 

.75 

8.55 

AkOt. 

FfliOi 

CaO 

NagOtfMlKfO 

Tiiial.... 

105.86 

100.85 

90.70 

90.01 

•  Treated  in  electrostatio  aapanitor  and  In  bohr  milL 

^  Traated  in  bubr  mill,  giyen  flotatioo  treatmant,  and  again  put  through  buhr  mill. 

These  rasults  indicate  that  the  finishing  process  tends  tx>  remove 
the  silica  but  causes  the  alumina  to  be  concentrated.  This  is,  of 
course,  due  to  the  removal  of  the  silica  in  a  greater  proporticm  than 
the  mica,  which  contains  the  greater  part  of  the  aluminum  oxide. 
This  result  is  to  be  expected  for  the  reason  that  the  silica  can  be 
more  easily  ground  because  of  its  more  massive  form  and  brittle 
character. 

It  should  be  mentioned  that  mica,  because  of  its  flat  shape  and  ite 
toughness,  is  probably  the  mast  difficult  impurity  to  remove  in  graph- 
ite refining. 

XESTTLTS  FROM  COMBINATIOir  OF  YABIOITS   TBEATHSIITS. 

After  considering  the  various  apparatus  that  might  be  used  in 
the  production  of  crucible  stock  from  crude  concentrates,  and  a  few 
of  the  factors  that  might  be  expected  to  affect  the  results,  experi- 
ments were  made  to  determine  the  results  that  could  be  obtained  by 
logical  coml)inations  of  the  various  schemes  and  apparatus. 

The  results  already  obtained  indicated  that  two  general  schemes 
could  be  developed  for  a  complete  finishing  process  to  produce  cruci- 
ble stock  from  Alabama  concentrates.  One  of  these  schemes  may  be 
termed  a  wet  process  and  the  other  a  dry  process. 

The  dry  process  is  rather  simple  and  involves  only  a  treatment  of 
the  crude  concentrate  in  the  electrostatic  separator,  followed  by 
grinding  in  the  buhr  mill  and  screening.  The  coarse  sizes  from  the 
screen  constitute  the  finished  graphite  suitable  for  crucible  manu- 
facture and  these  were  found  to  carry  90  per  cent  carbon  and  flakes 
of  the  correct  size  for  crucible  manufacture. 

The  wet  process  is  also  simple,  though  involving  one  more  step 
than  the  dry  process.  Wet  concentrates  are  used  in  each  step  of 
this  process,  except  that  in  the  last  step,  grinding  in  the  buhr  mill. 
dry  concentrates  are  used.  Thus,  the  wet  process  should  offer  some 
advantages  over  the  dry  process.  The  wet  concentrates  are  ground 
in  the  pebble  mill  for  a  period  of  time  previously  determined  to  be 
correct.  The  ground  material  is  then  floated  in  a  standard  flotation 
machine.     The  concentrates  produced  are  dried  and  reground  in  the 
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buhr  niiU,  after  which  they  are  screened.  The  screen  used  is  100 
mesh  and  the  oversize  is  the  finished  crucible  stock. 

A  test  of  the  dry  process  was  made  with  sample  2,  which  assayed 
51.23  per  cent  carbon.  The  material  was  twice  treated  in  the  electro- 
static separator,  a  small  sample  was  cut  from  the  concentrates  for 
analysis,  and  the  remainder  ground  in  the  buhr  mill.  The  product 
from  this  grinding  was  then  screened  and  assayed.  The  whole  prod- 
uct from  the  electrostatic  treatment  assayed  74.23  per  cent  carl)on; 
the  +100-mesh  material  contained  75.8  per  cent  and  the  — 100-mesh 
substance,  69.8  per  cent.  The  whole  product  from  the  grinding  in 
the  buhr  mill  assayed  78  per  cent  carbon;  the  —100-mesh  material 
showed  45  per  cent  carbon,  and  the  +100-mesh  product,  or  crucible 
stock,  90.5  per  cent.  The  total  recovery  of  graphite  in  the  finished 
crucible  stock  was  83  per  cent  of  the  graphite  in  the  original  sample. 

The  product  obtained  by  grinding  the  concentrate  from  the  electro- 
static separator  in  the  buhr  mill  was  submitted  to  screen  analysis  and 
assay  with  the  following  results: 

Results  of  UHC  of  electrostatic  separator  and  of  buhr  mill. 


Mesh. 

Peroentege 
ofeachsUe, 
by  weight. 

Carbon 

assay, 
(per  cBDi). 

Units  of 

carbon, 

each  sUe.o 

Percentage 

of  total 

oarbon.b 

+14 

+20 

28 

85 

48 

65 

100 

150 

200 

-200 

Total.. 

Tr. 

Tr. 

0.9 

6.1 
15.2 
23.0 
26.3 
13.8 

4.3 
10.8 

92.  R 
91.8 
91.4 
90.1 
86.2 
85.6 
39.8 
17.4 

83.00 

468.00 

1,388.00 

2,054.00 

2,265.00 

1,181.00 

171.00 

188.00 

1.06 

6.00 

17.80 

26.30 

29.00 

15.10 

2.20 

2.41 

99. 4                78. 4 

7,798.00  1          99.87 

o  Product  of  colunm  2  times  column  8. 

b  Results  obtained  by  dividing  figures  In  column  4  by  sum  total  o(  column  4. 

The  following  tabulation  shows  calculated  results  based  on  the 
foregoing  data  and  also  the  results  of  actual  analyses : 

Selected  data  showing  results  of  use  of  electrostatic  separator  and  of  buhr  mill. 


Material. 

Percentage 

of  final 

product. 

Carbon 
assay 

(per  cent). 

Units  of 
oarbon.a 

Percentage 

of  total 

carbon,  b 

Calculated  results: 

Crucible  stock  (material 

over  100  mesh ) 

Dust  (material  less  than 

100  mesh) 

70.5 
28.9 

88.8 
53.3 

0,258.0 
1,540.0 

80.2 
10.8 

Total 

99.4 

78.4 

7,798.0 

100.0 

Reialts  of  analyses: 

Crucible  stock 

TO.  5 
28.9 

90.5 
45.0 

0,380.2 
1,300.5 

83.1 
1G.9 

Dust 

Total 

90.4 

77.2 

7,680.7 

100.0 

a  Column  2  times  column  3.  ,   ,     , 

ft  Results  obtained  by  dividing  figmes  in  column  4  by  sum  total  of  column  4. 
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Tliese  results  were  exceptionally  sfttisfadory.  The  grade  of  the 
roiirse  material  was  higher  than  the  90  per  cent  product  required 
by  the  crucible  makers,  whereas  the  loss  of  less  than  20  per  cent 
of  the  total  graphite  in  the  original  sample  was  lower  than  tJie  loss 
in  the  finishing  mills  that  are  producing  graphite  of  crucible  grade 
from  the  Alabama  concentrates. 

As  already  menticMied,  the  whole  success  of  a  finishing  process  de- 
pends on  the  removal  of  a  large  percesktaLgB  of  coarse  hai-d  impurities 
that  tend  to  cause  excessive  destruction  of  valuable  flake  in  the  buhr 
mill  grinding.  Such  removal  is,  of  course,  the  function  of  the  elec- 
trostatic treatment,  and  (he  results  prove  how  satisfactory  such 
treatment  was. 

A  test  of  the  wet  method  was  next  made  with  400  grams  of  sample 
2  concentrate.  The  material  was  ground  with  600  c  c.  of  water  for 
one  hour  and  floated  in  the  Callow  pneumatic  machine.  The  ccmcen- 
trate  from  this  treatment,  when  filtered  and  dried,  contained  83  per 
cent  carbon.  This  concentrate  was  put  through  the  buhr  milK  when 
the  +10^-niesh  material  was  found  to  contain  90.8  per  cent  carbon. 
The  recovery  of  the  graphite  was  80.2  per  cent  of  the  carbon  in  the 
original  sample.    Tabulated  results  follow. 

HcHulti  of  treatifti;  (^tm'entraten  in  j)ebbl4'  mill,  flotation  machine^  and  huhr  mill 


Pementa^e, 

\fosl-. 

by  weUbt. 

oraaehsiae. 

H 

None. 

20 

2R 

1.2 

86 

5.0 

48 ! 

16.0 

65 t 

24.» 

100 

26.6 

150 

12.9 

200 

13.5 

200 

10.1 

Total. 

100.0 

Oarban 

assay 
(per  cent). 


88.6 
MO 
90.8 
93.0 
89.0 
83.4 
68.0 
17.4 


Unite  off 

carbon, 

each  size/i 


Percentage 

of  total 

carban.6 


106.00 

554.00 

1,465.00 

2,80.5.00 

2,365.00 

1,078.00 

20.00 

1C7.00 


82.  a         8.251.00 


1.29 

6.70 

17.61 

27.94 

28.06 

13.01 

^70 

2.02 

99.01 


«  Column  2  by  column  3. 

A  Results  obtained  by  dlvidinj^'  ft^iires  in  colnmn  I  by  sum  IoIaI  of  column  4. 

The  following  tabulation  shows  re^sults  based  on  the  foregoing  data : 

Selected  <laUi   Mhowinff  results  of  ««€  of  pebble  mill,  flotation    m^trhine,  and 

bvhr  mill. 


MntArial. 


Crucible  stock  (material 
over  100  mesh) 

T>ust  (material  less  than  100 
ijiesn) 

Total 


Percentage 

of  final 
prodaets. 

Carbon 

assay 

(percent). 

Units  of 

earbon. 

eaohaisa^ 

PwcentHe 

of  original 
oarbcMtb 

81.6 
18.6 

73.5 
26.5 

91.0 
57. 5 

6,690.0 
1,625.0 

100.0 

82.5 

8.215.0 

100.0 

a  Column  2  times  column  3. 

b  Results  obtained  by  dividing  fli;ureH  in  column  4  by  sum  total  of  column  4. 
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As  with  the  dry  process,  the  .sU(*eess  of  this  treatment  depends  on 
the  removal  of  the  coarse  impurities  before  the  final  buhr-mill  grind- 
ing, and  such  removal  is  accomplished  by  the  grinding  in  the  pebble 
mill  followed  bv  flotation. 

Owing  to  the  short  time  available  for  the  graphite  investigation 
it  was  impossible  to  test  all  the  samples  with  the  combination  treat- 
ment, but  there  can  be  no  doubt  that  the  results  of  such  treatment 
would  check  closely  with  the  results  alreadv  described. 

QEHE&AL  STnOCART  AND  DISCIFSSIOir  OF  BESTJLT8. 

As  a  result  of  the  investigations  made  to  determine  the  most  satis- 
factory methods  of  refining  crude  graphite,  winc^ntrates,  several  im- 
portant facts  were  developed. 

Probably  the  most  important  of  these  is  that  each  concentrate  to  be 
treated  is  a  problem  in  itself,  hence  no  treatment  applicable  to  all 
kinds  of  concentrate  can  be  prescribed.  Such  a  limitation  is  due  to 
the  differences  between  the  characteristics  of  the  crude  graphite  flakes 
and  those  of  their  associated  impurities.  Th<^  most  important  cliarac- 
teristics  that  will  affect  the  type  of  treatment  to  be  applied  are  the 
hardness,  toughness,  diameter,  and  thickness  of  the  flakes  and  their 
contents  of  interfoliated  impurities.  The  different  physical  properties 
affect  the  amount  and  intensity  of  the  grinding  necessary  to  remove 
the  impurities  without  the  destruction  of  too  large  a  projwrtional 
amount  of  the  large  and  more  valuable  flakes. 

Another  important  factor  in  deternnning  a  satisfactory  finishing 
process  is  the  kind  of  impurities  that  must  be  removed.  ^Yhen  these 
impurities  exist  free  from  the  flakes  of  carbon  they  can  be  removed, 
to  a  great  degree,  witli  a  ^^inall  loss  of  coarse  carbon.  AATien  these 
impurities  are  soft  and  of  small  size  they  can  he  removed  after  a 
slight  and  nondestru<-tive  grinding  operation,  whiih  will  in  all  prob- 
ability cause  a  comparatively  small  loss  of  valuable  flake. 

On  the  other  hand,  coarse,  hard  impurities  are  much  more  difficult 
to  handle  in  a  .satisfactory  manner.  This  type  of  material  offers 
the  greatest  probleni  to  the  operator  of  the  finishing  mill.  The  re- 
sults obtained  in  the  experiments  indicate  that  the  success  of  the 
finishing  process  will  depend  on  the  success  obtained  in  the  removal 
of  this  sort  of  impurities  at  the  earlier  stages  of  the  finishing  opera- 
tions. 

The  investigations  have  also  brought  out  the  fact  that  the  bulir 
mill  is  a  necessary  apparatus  in  all  processes  for  graphite  finishing. 
The  buhr  mill  separates  the  flakes  into  their  constituent  laminations 
and  prepares  them  for  the  removal  of  the  interbedded  or  inter- 
foliated impurities. 
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The  aspirator  and  the  pneumatic  jig  were  found  to  have  an  ap- 
plication under  certain  circumstances.  It  was  seen,  however,  that 
such  apparatus  can  be  considered  only  for  preliminary  treatment 
previous  to  the  regular  finishing  process  and  should  be  used  only 
for  the  removal  of  very  coarse,  hard,  free  impurities  that  are  en- 
countered from  time  to  time. 

The  experiments  proved  fairly  conclusively  that  the  use  of  either 
the  electrostatic  separator  or  the  pebble  mill,  followed  by  flotation, 
will  be  applicable  to  all  types  of  concentrates  produced  in  the  Ala- 
bama fields.  The  material  produced  by  either  of  these  types  of  ap- 
paratus can  be  ground  in  the  buhr  mill  with  satisfactory  results. 

The  different  processes  of  finishing  graphite  may  be  classified 
under  two  general  heads — wet  processes  and  dry  processes.  The  de- 
cision as  to  which  of  the  two  should  be  used  is  dependent  on  the 
characteristics  of  the  concentrates  themselves.  It  is  important  that 
neither  be  adopted  except  after  the  necessary  experiments  and  on  the 
advice  of  an  engineer  thoroughly  conversant  with  the  problems  to 
be  encountered  in  the  treatment  of  the  particular  concentrate  in 
mind  and  with  the  economic  conditions  that  will  exist  in  the  plant. 

It  can  be  said  that  with  rare  exceptions  a  satisfactory  crucible 
stock  can  be  produced  from  all  of  the  concentrates  that  are  at  present 
made  from  the  Alabama  ores,  and  that  the  recovery  of  -flOO- 
mesh  flake  at  the  majority  of  finishing  plants  now  operating  can 
probably  be  improved.  It  should  be  possible  to  keep  the  recovery 
of  material  coarser  than  100  mesh  at  70  per  cent  of  the  total  carbon 
in  the  original  concentrates,  and  in  many  instances  this  can  be  in- 
creased to  80  per  cent  or  more.  These  figures  are  sufficiently  high 
to  make  profitable  many  of  the  plants  that  are  not  now  operated 
except  at  a  loss. 

In  conclusion,  it  should  be  emphasized  that  the  r«5ults  obtained 
in  finishing  the  crude  graphite  concentrates  are  dependent  largely 
on  the  character  of  the  crude  flake  itself  as  contained  in  the  ores. 
Moreover,  mills  that  are  producing  a  concentrate  containing  large 
tough  flake  in  their  concentrating  plants,  can  also  produce  a  satisfac- 
tory crucible  stock  at  a  profit  from  a  finishing  plant  which  has  been 
correctly  designed  and  intelligently  managed.  The  operator  who  is 
unfortunate  in  having  to  mine  small,  low-grade  flake  requiring  a 
large  amount  of  intensive  grinding,  and  which  is  associated  with  a 
large  quantity  of  coarse  siliceous  or  micaceous  impurities,  is  bound  to 
have  difficulty  in  producing  the  required  grade  of  crucible  stock  at 
a  profit. 

As  in  all  mining  ventures,  success  or  failure  depends  more  on  the 
character  of  the  raw  ore  than  on  the  treatment  given  the  ore  after 
it  has  been  mined. 
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PREFACE. 


This  bulletin  is  the  fifth  of  its  kind  to  be  published  by  the  Bureau 
of  Mines,  the  four  preceding  being  Bulletins  61,  79,  90,  and  101. 

The  wide  demand  for  the  information  contained  in  these  bulletins 
has  led  the  bureau  to  decide  to  issue  similar  bulletins  with  sufficient 
frequency  to  keep  reasonably  current  the  records  of  decisions  of 
Federal  and  State  courts  of  last  resort  on  questions  relating  to  the 
mineral  industry. 

The  bureau  will  gladly  welcome  and  consider  any  suggestions 
looking  to  improvement  in  the  matter  contained  in  these  bulletins 
or  the  manner  in  which  it  is  presented.  The  purpose  of  the  bulletins 
will  continue  to  be  to  improve  directly  or  indirectly  mining  condi- 
tions and  to  promote  the  health  and  safety  of  miners  by  the  prompt 
publication  of  decisions,  and  to  this  end  it  is  desired  that  the  bulle- 
tins reach  all  persons  who  are  interested. 

Van.  H.  Manning. 
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MINERALS  AND  MINEEAL  LANDS. 

MINEBAIiS. 
Olli  AND  GAS   AS   MINERALS. 

Oil  and  gas  within  the  ground  are  minerals  and  the  fact  that  they 
have  attributes  not  common  to  other  minerals  because  of  their  fugi- 
tive nature  or  vagrant  habit,  and  the  disposition  to  percolate,  and  the 
possibility  of  their  escape  from  beneath  one  part  of  the  surface  to 
another,  does  not  remove  them  from  the  class  of  minerals. 

Texas  Ck).  v.  Daugherty  (Texas),  176  Southwestern,  717,  p.  719,  May,  1915. 

OWNERSHIP  or  TAILINGS — ^ABANDONMENT. 

A  corporation  engaged  in  milling  and  the  reduction  of  ores  de- 
posited the  tailings  therefrom  upon  a  portion  of  its  own  land  lying  in 
a  gulch  through  which  water  flows  at  times  in  great  volumes  and  with 
great  force  and  notwithstanding  all  reasonable  efforts  by  dams  and 
otherwise  to  retain  its  tailings,  the  tailings  eventually  were  forced  upon 
the  lands  of  an  adjoining  owner;  these  tailings  were  valuable  and 
their  retreatment,  intended  by  the  mill  owner,  profitable ;  and  the  fact 
that  the  tailings  were  so  washed  down  upon  the  lands  of  the  adjoining 
owner  and  permitted  to  accumulate  and  remain  for  some  considerable 
time  is  not  sufficient  to  show  an  abandonment  on  the  part  of  the 
owner  of  the  tailings,  where  it  is  clear  that  the  owner  had  no  inten- 
tion of  so  doing,  but  on  the  contrary,  always  intended  to  conserve 
and  retreat  the  tailings. 

Goldfield  Consolidated  MiUing,  etc.,  Co.  v.  Old  Sandstrom  Annex  Grold  Mining 
Co.  (Nevada),  150  Pacific,  313,  p.  317,  July,  1915. 

SALE  AND  CONVEYANCE. 
CONSTRUCTION  OF  DEED. 

All  parts  of  a  deed  convejdng  mining  property  must  be  construed 
together  without  regard  to  its  mere  formal  divisions. 

Brier  HUl  Collieries  v,  Gernt  (Tennessee),  175  Southwestern,  560,  p.  561, 
January,  1915. 
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2  MINING  DECISIONS. 

CONBTRUCnON  OF  DEED — CONVEYANCE  LIMITED  TO  INTEREST  OF  ORANTOB. 

A  deed  conveying  certain  described  mineral  lands  and  providing 
that  the  grantors  convey  and  assign  all  their  right,  title,  claim,  and 
interest  in  and  to  the  property  described  as  fully  as  the  same  is  in 
them  vested,  and  not  otherwise,  limits  the  previous  conveying  words 
and  confines  and  restricts  them  to  such  right,  title,  and  interest  only 
in  the  lands  described  as  was  at  the  time  vested  in  the  vendors;  and 
such  a  deed  does  not  purport  to  convey,  and  does  not- convey,  a  tract 
of  land  previously  conveyed  to  another  person,  though  included 
within  the  description  contained  in  the  deed,  and  the  conveyance  in 
such  case  does  not  operate  even  as  color  of  title  to  such  prior  con- 
veyed tract. 

Brier  HiU  Ck>llierles  v.  Gernt  (Tennessee),  175  Southwestern,  560,  p.  561, 
January,  1915. 

SAIiE  OF  SURFACE — RESERVATION  OF  EASEliENT — CONSTRUCTION  OF  DEED. 

A  deed  conveying  the  surface  of  certain  mineral  lands  described, 
with  a  reservation  to  the  grantor  of  minerals  and  the  usual  mining 
rights  and  certain  parts  of  a  river  and  creek  bank,  together  with  a 
^^  right  to  build  railroads  through  said  lands  in  order  to  reach  other 
lands  beyond  and  above,"  is  not  to  be  limited  to  the  lands  then  owned 
by  the  grantor,  as  distinguished  from  those  that  he  might  afterwards 
acquire,  where  it  appears  that  the  grantor  was  engaged  in  acquiring 
mineral  lands  and  in  bodying  them  up  so  as  to  make  profitable 
mining  propositions,  and  in  such  case  it  will  be  presumed  that  the 
grantor  rJrved  the  rights  described  in  the  deed  L  his  own  interest 
and  in  that  of  his  heirs  and  assigns  and  for  the  purposes  of  the  occu- 
pation and  projects  in  which  he  was  then  engaged;  and  it  would 
appear  to  be  equally  advantageous  to  reserve  the  right  to  build  rail- 
roads to  reach  lands  to  which  the  grantor  never  got  title,  as  it  might 
be  impossible  for  him  to  utilize,  either  by  mining  or  sale,  his  lands 
except  in  connection  with  the  adjoining  lands  of  others,  and  it  is 
reasonable  that  the  reservation  was  intended  to  cover  such  lands,  as 
it  was  probable  that  the  grantor  or  his  heirs  might  be  interested  in 
having  served  by  the  railroad,  in  connection  with  his  own  lands 
"  above  and  beyond "  the  lands  described ;  and  it  seems  reasonable 
that  the  grantor  intended  the  reservation  to  be  as  broad  as  the  neces- 
sity, and  if  the  necessity  included  other  lands  than  those  then  owned 
by  him  or  those  thereafter  acquired  by  him,  it  should  be  held  to  ex- 
tend to  and  cover  such  other  lands. 

Oak  Leaf  CJoal  CJo.,  In  re,  225  Federal,  126,  p.  127,  July,  1915. 

CONTRACT  OF  PURCHASE CONSIDERATION — ARBFTRART  PRICE. 

A  mining  corporation  whose  specific  operations  have  failed  and  its 
plant  has  been  destroyed,  its  mines  closed  and  flooded,  and  its  opera- 
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tioDs  expensiTe  and  unprofitable  for  a  long  period  of  years,  can  not 
be  compelled  to  borrow  unnecessarily  large  sums  of  money  to  pay 
its  debts  and  expenses,  or  to  enable  it  to  rehabilitate  its  mines  and 
experiment  and  explore  unworkable  bodies  of  ore;  and  under  such 
conditions  there  is  common  law  power,  coextensive  with  any  possibly 
given  by  statutes  or  articles,  and  without  unanimous  consent  of  the 
stockholders  to  sell  the  property  of  the  corporation  and  the  fact  that 
it  has  large  bodies  of  unworkable  zinc  and  silver  ore,  and  much 
virgin  ground  will  not  make  the  sale  at  any  arbitrary  price  neces- 
sarily illegal  where  there  is  no  market  value  for  such  properties  and 
where  it  is  impossible  to  ascertain  an  accurate  value  or  a  certain 
basis  for  ascertaining  the  value  of  its  properties. 

Geddes  v.  Anaconda  Copper  MIn.  Co.,  222  Federal,  129,  p.  131,  May,  1915. 

CONTRACT  OF  PURCHASE — ^EFFECT  AND  QUIETING  TITLE. 

A  contract  which  transfers  and  assigns  an  estate  in  mining  prop- 
erty and  at  the  same  time  withholds  from  the  transferee  or  assignee 
all  right  of  control  over  such  property,  is  lacking  in  the  elements  of  a 
sale  or  transfer  of  title,  and  vests  no  rights  of  ownership  or  title 
in  the  transferee,  for  the  reason  that  a  person  who  has  no  right  to 
control,  handle,  or  dispose  of  a  mine  can  not  be  considered  its  owner, 
as  the  essential  attributes  of  ownership  of  property  are  the  rights  in 
the  owner  to  control,  handle,  and  dispose  of  the  thing  owned ;  and  in 
an  action  to  quiet  title  to  such  mining  property  such  a  contract  is  no 
evidence  of  title  and  will  not  authorize  a  judgment  quieting  title  in 
the  mining  property  to  the  promisee. 

Hardlnge  v.  Empire  Zinc  Co.  (Arizona),  148  Pacific,  306,  p.  312,  May,  1915. 

CONTRACT  FOR  UNDIVIDED  INTEREST — PRESERVING  CONTROL  AND  DISPOSAL. 

A  mining  corporation  Holding  options  to  lease  and  purchase  min- 
ing property,  transferred  and  assigned,  by  the  officers  and  persons  in 
whose  names  the  contract  was  made,  an  undivided  one-twentieth  in- 
terest in  the  mining  properties  described  to  a  certain  named  stock- 
holder, subject  to  the  control,  handling,  and  disposal  by  the  officers 
and  persons  in  whose  names  the  contract  was  executed,  as  in  their 
judgment  shall  seem  best  for  all  concerned.  This  limiting  clause 
was  understood  and  construed  by  the  assignee  to  the  effect  that  he 
had  no  control  of  his  interest  but  that  such  interest  was  subject  to  the 
control  of  the  persons  named  and  with  power  to  sell  and  dispose  of 
the  same  at  the  same  rate  and  on  the  same  conditions  that  they  should 
sell  their  own,  and  the  contract  thus  construed  and  the  words  of  the 
contract  all  considered  make  clear  that  it  was  the  purpose  and  in- 
tention of  the  parties  to  secure  to  such  assignee  a  one-twentieth  inter- 
est of  the  property  asset,  and  there  was  no  intention  of  conveying  to 
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him  any  interest  in  the  title  to  such  asset,  the  mining  property  itself, 
and  the  purpose  was  to  withhold  from  such  assignee  the  right  to 
control  and  dispose  of  his  interest  and  not  to  make  the  contract  in 
effect  a  conveyance  of  title  to  the  property  described.  And  under 
this  contract  the  assignee  could  not  maintain  an  action  to  quiet  tiie 
title  to  his  undivided  interest 

Hardinge  v.  Empire  Zinc  Co.  (Arissona),  148  Pacific,  906,  p.  310,  May,  1915. 

CONTRACT    FOR    SALE    OF    MINERAL    liANDS — ^RELIEF. 

Equity  will  not  entertain  a  suit  to  cancel  a  contract  for  the  sale 
of  a  large  tract  of  mineral  lands,  alleged  to  be  valuable  for  mining 
purposes,  on  the  ground  that  it  was  procured  by  fraudulent  repre- 
sentations or  on  the  ground  thajb  such  an  executory  contract  is  a 
cloud  upon  the  complainant^s  title,  as  in  such  case  the  complainant 
has  a  full,  adequate,  and  complete  remedy  at  law,  either  by  action 
or  defense,  as  the  contract  involved  is  simply  executory. 

Big  Huff  Coal  Ck).  i?.  Thomas  (West  Virginia),  85  Southeastern,  171,  p.  173, 
April,  1915. 

CONTRACT    OF    PURCHASE — CONSTRUCTION    AND    EFFECT. 

The  execution  of  a  written  instrument  bv  the  owner  of  certain 
described  mining  land  whereby  he  offered  and  agreed  to  sell  to  the 
person  named  therein  for  a  stated  consideration  a  certain  part  to 
be  paid  in  cash  as  soon  as  an  engineer's  report  upon  the  property 
was  completed  and  abstracts  of  title  to  the  property  had  been  exam- 
ined by  an  attorney  of  the  purchasing  party,  a  deed  for  the  property 
was  delivered  and  possession  given,  and  the  remainder  of  the  consid- 
eration to  be  paid  in  three  equal  annual  installments,  with  6  per  cent 
interest  per  annum,  to  be  secured  by  deed  of  trust  on  the  property, 
is  a  contract  for  the  sale  of  the  property  described;  and  the  fact 
that  it  was  left  to  the  purchaser  or  his  attorney  to  determine  the 
question  of  the  sufficiency  of  title  did  not  affect  its  force  as  a  con- 
tract for  the  sale  of  the  property,  for  the  reason  that  a  purchaser 
under  such  circumstances  can  not  arbitrarily  or  capriciously  or  in 
bad  faith  say  there  was  no  title  shown  when  in  fact  a  title  was 
shown;  neither  does  a  further  provision  giving  the  purchaser  the 
right  to  have  the  land  surveyed  and  mapped  and  to  have  it  exam- 
ined and  reported  upon  by  an  engineer  before  making  the  first  pay- 
ment affect  the  validity  of  the  agreement,  as  the  taking  of  the  prop- 
erty by  the  purchaser  was  not  conditioned  upon  either  a  favorable 
or  an  unfavorable  report  of  the  engineer,  and  as  the  evident  pur- 
pose of  this  provision  was  to  give  the  purchaser  time  in  which  to 
make  his  first  payment  and  also  to  enable  him  to  ascertain  such 
facts  as  would  help  him  organize  an  intended  corporation  to  handle 
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and  hold  the  property;  and  neither  of  these  provisions,  nor  bad 
faith  combined,  have  the  effect  of  making  the  agreement  an  option 
agreement  on  the  part  of  the  purchaser  to  purchase  the  land. 

.  Knisely  v.  Leathe  (Missouri),  178  Southwestern,  453,  p.  455,  June,  1915. 

OPTION  AOBEEMENT  TO  PUBCHASE — ^ACCEPTANCE. 

A  contract  by  which  a  purchaser  undertook  and  agreed  to  pay  a 
certain  consideration  in  stipulated  payments  for  mining  property  on 
the  seller  furnishing  an  abstract  of  title  and  delivering  the  deed,  the 
deferred  payments  to  be  secured  by  a  deed  of  trust,  is  binding  on  the 
purchaser  on  the  performance  of  the  conditions  imposed  upon  the 
seller,  and  though  it  may  be  regarded  as  an  option  agreement  to  pur- 
chase, is  accepted  by  the  purchaser  where  after  the  delivery  of  the 
abstracts  and  the  tender  of  the  deed  the  purchaser  sent  his  engineer 
to  examine  and  report  upon  the  mine,  and  the  engineer  did  examine 
aiid  make  maps  of  the  mine  and  made  full  reports  to  the  purchaser. 

Knisely  v,  Leathe  (Missouri),  178  Southwestern,  453,  p.  456,  June,  1915. 

CONDITIONAL  SALE — ^FORFEITUBE — BRIGHT  TO  RECOVER  PURCHASE  MONET. 

Where  a  vendor  of  mineral  lands  and  mining  claims  declares  a 
forfeiture  imder  the  terms  of  the  conveyance,  he  can  not  thereafter 
sue  and  recover  for  an  impaid  installment  of  the  purchase  price. 

Croup  V.  Humboldt  Quartz  &  Placer  Mining  Go.  (Washington),  151  Pacific, 
4d3,  September,  1915. 

SPECIFIC  PERFORMANCE  OF   CONTRACT  OF  PURCHASE — ^DESCRIPTION   OF 

CLAIM. 

In  an  action  by  a  seller  to  compel  the  performance  of  a  contract  to 
purchase  certain  mining  claims,  the  complaint  is  not  insufficient 
either  because  it  fails  to  describe  the  mining  claims  or  because  it 
describes  them  differently  from  the  contract  where  the  contract  itself 
is  filed  with  the  complaint  as  an  exhibit,  as  this  sufficiently  estab- 
lishes the  identity  of  the  apparently  different  descriptions. 

Ehrhart  v.  Mahony  (Oallfomla),  148  Pacific,  d34,  May,  1915. 

ACTION  TO  ENFORCE  SPECIFIC  PERFORMANCE — ^ALLEGATION  AS  TO  CONSID- 
ERATION. 

A  vendor  of  mining  claims  can  not  enforce  specific  performance  of 
a  contract  of  purchase  where  he  fails  to  allege  and  prove  facts  show- 
ing that  there  was  an  adequate  consideration  for  the  obligation 
sought  to  be  enforced,  or  that  the  contract  was  just  and  reasonable  as 
to  the  purchaser,  as  such  facts  must  be  alleged  and  proved  in  a  suit 
for  the  specific  performance  of  a  contract  of  purchase. 

Ehrhart  v.  Mahony  (California),  148  Pacific,  d34,  p.  985,  May,  1915. 
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AGREEMENT  TO  DEVELOP  MINE  AND  BEOONVET — ^EFFECT  OF  liACHES. 

Where  lands  supposed  to  be  valuable  for  minerals  were  conveyed 
under  a  trust  arrangement  and  agreement  by  which  the  grantee 
agreed  to  develop  the  lands  and  operate  the  same  for  mining  pur- 
poses and  to  receive  the  issues^  rents,  and  profits,  and  bound  himself 
to  reconvey  the  lands  to  the  grantor  when  he  had  received  as  such 
rents  and  profits  and  products  of  the  mines  the  amount  of  money 
which  he  had  paid  out,  together  with  interest  thereon,  and  where 
after  a  long  delay  there  was  nothing  to  show  that  the  mines  yielded  a 
profit  within  a  reasonable  number  of  years  sufficient  to  reimburse  the 
grantee,  and  where  subsequently  the  grantee  conveyed  an  undivided 
interest  in  the  property  to  other  persons  without  any  declaration  of 
trust,  and  some  13  years  later  the  land  was  conveyed  by  the  tenants 
in  common  in  trust  to  secure  performance  of  certain  covenants  en- 
tered into  by  a  certain  mining  corporation,  which  had  agreed  to  pur- 
chase the  land  for  the  purpose  of  mining  the  same,  and  subsequently 
abandoned  its  rights  under  the  contract,  and  where  subsequent 
grantees  held  and  occupied  the  land  for  a  period  of  more  than  30 
years,  the  delay  for  such  time  before  seeking  to  enforce  the  original 
trust  is  such  laches  as  would  bar  relief,  and  the  subsequent  convey- 
ance was  such  a  repudiation  of  the  trust  as  would  set  in  operation 
the  statute  of  limitations.  Neither  can  the  original  conveyance  of 
the  mineral  land  on  the  trust  to  develop  the  mine  and  reconvey  when 
the  profits  of  the  mine  equaled  the  original  consideration  with  inter- 
est, be  regarded  as  a  mortgage  where  the  vendors  were  not  debtors  to 
the  vendee,  but  the  transaction  partakes  more  of  the  nature  of  a 
defeasible  purchase,  but  if  regarded  as  a  mortgage  it  would  be  barred 
by  the  statute  of  limitations. 

Coxe  i\  Carson  (North  Carolina),  85  Southeastern,  224,  p.  225,  May,  1915. 

vendor's   lien* — ACTION    FOR   PURCHASE   PRICE    NOT   A   WAIVER. 

Where  the  vendor  of  mining  property  retains  the  legal  title,  a 
proceeding  at  law  for  the  purchase  price  is  not  a  waiver  of  his  right 
to  proceed  against  the  property. 

Ehrhart  r.  Mahony  (CaUfomia),  148  Paciflc,  934,  May,  1915. 

broker's  commission — RIGHT  TO  RECOVER. 

Where  an  agent  or  broker  is  employed  by  the  owner  of  mining 
property  to  secure  a  purchaser  and  the  agent  brings  to  the  owner  a 
purchaser  for  such  mining  property,  and  the  owner  enters  into  a 
contract  of  his  own  making  with  the  purchaser  so  furnished,  the 
owner  thereby  accepts  the  purchaser  so  found  by  the  broker,  and 
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the  broker's  commission  is  then  due,  although  it  may  afterwards  turn 
out  that  the  customer  was  not  financially  able  to  buy. 

Knisely  v,  Leathe  (Missouri),  178  Southwestern,  453,  p.  459,  June,  1915. 

FRAUDULENT  REPRESENTATIONS CANCELLATION   OF  INSTRUMENT — 

ESTOPPEL. 

An  action  to  rescind  a  contract  of  purchase  of  a  Tnining  lease  on  the 
ground  of  fraud  and  false  representations  as  to  the  minerals  and 
quantity  of  ore  can  not  be  maintained  where  the  purchaser  became 
aware  of  the  failure  of  the  mining  property  in  the  principal  particu- 
lars to  come  up  to  the  representations  and  where,  after  acquiring 
such  knowledge,  he  continued  in  its  ownership  and  use  and  thereby 
elected  to  stand  by  the  contract,  as  in  order  to  rescind  he  must  act 
promptly  on  first  discovering  the  fraud. 

Greenstreet  v.  Walsch  (Missouri  Appeals),  176  Southwestern,  1062,  p.  1063, 
May,  1915. 

FRAUD — ^BELIEF    AS    TO    EXISTENCE    OF    CONTRACT    OF    PURCEULSE — BRIGHT 

TO  ENFORCE. 

A  person  who  is  fraudulently  led  to  believe  that  a  certain  contract 
for  the  purchase  of  mining  property  was  in  writing  and  contained 
certain  terms  and  stipulations  for  his  protection  and  acted  upon  such 
belief  to  his  prejudice  has  the  right  to  enforce  the  contract  against 
the  person  defrauding  him. 

Davenport  t\  Burke  (Idaho),  149  Pacific,  511,  June,  1916. 
SUBFACE  AND  MINEBAI1&--OWNEBSHIP  AND  SEVEBANCE. 

SEPARATION   OF  MINERAL  AND  SURFACE  ESTATES. 

The  owner  of  mineral  lands  whether  platted  or  not  has  the  power 
to  convey  the  surface  to  one  person  and  the  mineral  below  the  sur- 
face to  another,  or  he  may  convey  either  the  surface  or  the  underly- 
ing mineral  to  one  person  and  retain  the  remaining  part  of  the  estate 
to  himself. 

Hyde  Park  Investment  Co.  v.  Glenwood  Ck>al  Ck>.  (Iowa),  153  Northwestern, 
181,  p.  184,  June,  1915. 

BURDEN   or  PROOF  TO  SHOW  TITLE  IN   MINERAL  GRANTEE. 

Where  the  description  of  land  conveyed  is  couched  in  such  general 
terms  that  it  may  cover  two  or  more  tracts  of  land,  the  ambiguity  is 
a  latent  one  and  parol  evidence  is  admissible  to  show  which  tract  was 
meant;  and  the  grantee  of  oil  and  minerals  in  and  under  a  part  of 
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one  tract  included  in  such  ambiguous  description  has  the  burden  of 
showing,  as  against  a  grantee  of  other  parts  of  such  ambiguous  de- 
scription, that  his  deed  covered,  and  that  his  mineral  rights  apply  to, 
the  particular  tract  in  controversy. 

Virginia  Iron,  CJoal  &  CJoke  Co.  t?.  Combs  (Kentucky),  177  Southwestern,  238, 
June,  1915. 

RBSEBVATION  OP  MINERALS  IN  DEDICATORY  PLAT — ^EPPECT  OF  RECONVEY- 
ANCE BY  QUITCLAIM  DEED. 

The  owner  of  a  large  tract  of  land  containing  valuable  coal  deposits 
conveyed  the  same  to  an  investment  company  for  the  purpose  of  plat- 
ting it  into  lots  as  an  addition  to  the  city  of  Des  Moines.  At  the  time 
of  the  execution  of  the  deed  a  mortgage  was  given  by  the  purchaser 
to  secure  the  principal  part  of  the  unpaid  purchase  price.  The  in- 
vestment company  immediately  platted  the  land  into  lots  and  in  the 
dedicatory  statement  accompanying  the  plat  the  investment  com- 
pany expressly  reserved  the  coal  and  minerals  of  all  kinds  underly- 
ing the  entire  tract  embraced  by  the  plat  with  the  right  to  mine  and 
remove  the  coal.  Subsequently  numerous  lots  were  sold  by  the  com- 
pany, but  the  enterprise  not  proving  successful  and  the  mortgagor 
failing  to  pay  the  installments  of  the  mortgage,  the  original  owner, 
in  the  course  of  time  through  various  tax  sales  and  sheriff's  sales  re- 
acquired title  to  a  large  part  of  the  lots  composing  the  tract  now  in 
controversy,  and  the  subject  matter  of  the  present  suit.  The  original 
grantee,  the  investment  company,  desiring  to  avoid  f orecloisure  pro- 
ceedings and  a  possible  deficiency  judgment,  proposed  to  and  did 
reconvey  by  quitclaim  deed  to  the  original  grantor  the  part  of  the 
tract  so  reacquired  by  such  tax  and  sheriff's  sales,  but  no  reference 
in  such  quitclaim  deed  was  made  to  the  mineral  rights  or  coal,  as 
reserved  by  the  investment  company  in  its  original  plat.  After  thus 
reacquiring  title  and  obtaining  the  equity  of  redemption  by  quit- 
claim deed  from  the  mortgagor,  the  original  grantee,  the  original 
grantor  resold  the  reacquired  part  to  a  third  person  who  thereupon 
leased  the  same  to  a  coal  company  for  the  purpose  of  developing 
and  mining  the  coal.  The  quitclaim  deed  so  executed  by  the  in- 
vestment company  was  held  sufficient  to  convey  all  its  rights,  title, 
and  interest  in  and  to  the  land  as  well  as  to  the  mineral  rights  and 
coal  as  against  the  reservation  made  by  it  in  its  plat  of  the  land, 
and  the  investment  company  had  no  right  or  equity  on  which  it 
could  base  a  suit  to  enjoin  the  coal  company  from  mining  and  remove 
the  coal  under  its  lease  from  the  grantee  of  the  original  grantor. 

Hyde  Park  Investment  Co.  v.  Olenwood  Coal  Co.  (Iowa),  153  Northwestern, 
181,  p.  184,  June,  1915. 
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CONVBTANCE  OF  PLATTED  LOTS — ^EFFECT  ON  MINERAL  RIGHTS  AS  AGAINST 

RESERVATION  IN  PLAT. 

The  mere  platting  of  the  surface  of  mineral  lands  in  town  lots 
does  not  affect  the  nature  or  solidarity  or  integrity  of  the  estate  of 
the  owner  in  the  land  as  one  individual  entity,  except  as  his  rights 
may  be  affected  by  the  streets  and  groimds  which  he  has  dedicated 
to  the  public,  but  he  is  still  the  owner  of  the  property  and  holds  it 
by  precisely  the  same  title  as  before  and  may  sell  and  convey  the  sur- 
face above  and  the  mineral  below,  or  separately,  as  he  choses; 
and  if  the  owner  after  making  and  recording  such  plat  conveys  a 
lot  by  a  description  such  as  would  be  regarded  as  sufficient  to  convey 
the  entire  title  in  ordinary  cases,  there  is  no  conclusive  presiunption 
that  such  conveyance  was  executed,  delivered,  and  accepted  with  the  - 
understanding  that  it  should  convey  the  surface  right  only,  as  against 
a  general  reservation  of  minerals  underlying  the  entire  tract  ex- 
pressly stated  in  the  plat 

Hyde  Park  Investment  Co.  v.  Glenwood  Ck>al  Co.  (Iowa),  153  Northwestern, 
181,  p.  184,  June,  1915. 

COAIi  AND  COAIi  LANDS. 
SALE  OF  COAL  IN  PLACE — SPACE  LEFT  BT  REMOVAL  OP  COAL. 

Where  there  has  been  an  absolute  sale  of  the  mineral  lying  under 
land  and  a  severance  of  the  estate  in  the  mineral  from  the  estate  in 
the  surface,  the  title  obtained  by  the  owner  of  the  mineral  is  an 
estate  in  fee,  terminating  when  the  mine  has  been  exhausted;  and 
where  there  are  no  restrictions  in  the  grant,  reservation,  or  excep- 
tion  which  creates  the  estate,  the  space  which  may  be  left  by  the 
removal  of  the  mineral  and  so  much  of  the  containing  strata  as  may 
be  reasonably  required  for  the  mining  operations,  remains  a  part  of 
the  property  of  the  mineral  owner  only  until  the  exhaustion  of  the 
mine  and  may  be  used  by  him  during  the  continuance  of  the  estate 
as  he  may  see  fit,  provided  that  such  use  does  no  injury  to  the  sur- 
face, and  this  right  of  use  includes  the  right  to  haul  mineral  and 
turn  water  through  such  space  from  other  mines. 

Slmmm  v.  Whitehead  Coal  Mining  Co.,  223  Federal  282,  p.  290,  April,  1915. 
See  Moore  v.  Indian  Camp  Coal  Co.,  75  Ohio  State,  493,  80,  Northeastern,  6. 
LlUibridge  v.  Lackawana  Coal  Co.,  143,  Pacific  293,  22  Atlantic,  1035. 

ACmON  FOR  POSSESSION — ^DISCLAIMER — ^MINERAL  RIGHTS. 

In  an  action  for  the  possession  of  mineral  lands  without  any  ref- 
erence to  the  severance  of  the  surface  and  underlying  minerals,  the 
plaintiff  can  not  recover  as  to  the  specific  underlying  minerals  in  the 
disputed  groimd,  where  he  makes  no  claim  or  demand  and  offers  no 


10  MINING  DECISIONS. 

proof  as  to  such  underlying  mineral  other  than  that  shown  in  respect 
of  the  soil ;  and  where  there  was  no  suggestion  in  the  evidence  of  a 
severance  between  the  soil  and  the  minerals,  or  of  a  right  to  minerals 
more  extensive  than  the  soil  to  which  he  showed  title ;  and  the  fact 
that  the  defendant  disclaimed  the  mineral  rights  because  they  were 
reserved  by  his  grantor,  does  not  give  the  plaintiff  under  his  evidence 
a  right  to  a  judgment  to  the  mineral  rights  separate  from  his  title  to 
the  surface  as  proved  by  him. 

Martin  v.  Howard  (Alabama),  OS  Southern,  982,  p.  983,  May,  1915. 

CONVERSION — ^INSTRUCTION   AS  TO  MEASURE  OF  DAMAOBS — DUTY  OF 

PARTT  TO  REQUEST. 

In  an  action  by  one  land  owner  against  another  for  mining  and 
converting  coal,  an  instruction  to  the  effect  that  if  the  jury  believe 
from  the  evidence  that  the  defendant  mined  the  coal  from  the 
plaintiff's  land  and  converted  the  coal  to  its  own  use  and  at  the  time 
of  the  mining  and  conversion  the  land  was  the  property  of  the 
plaintiff,  then  the  plaintiff  will  be  entitled  to  recover  and  they 
should  assess  his  damages  at  what  they  think  would  be  reasonable 
and  right  under  the  evidence — ^not  to  exceed  the  amount  of  his 
complaint,  is  not  erroneous  or  pre  judical  error,  though  the  instruc- 
tion did  not  purport  to  define  rules  by  which  the  amount  should  be 
ascertained  under  the  evidence;  and  if  the  defendant  conceived  that 
the  instruction  was  deficient  in  not  so  defining  the  method  of  ascer- 
tainment of  damages  it  was  its  duty  to  request  a  definite  instruction 
on  the  proposition. 

Aldrlch  Mining  Co.  v.  Pierce  (Alabama),  68  Southern,  901,  p.  902,  Biay,  1915. 

MINING    AND    OONVERTINQ    COAIi — ^ADVERSE    POSSESSION. 

In  an  action  by  a  land  owner  against  a  mining  company,  the 
owner  of  adjoining  land,  for  wrongfully  mining  and  converting  coal 
imder  the  plaintiff's  land,  the  defendant  is  liable  where  the  evidence 
shows  that  the  coal  was  mined  under  the  plaintiff^s  land,  and  the 
defense  of  adverse  possession  can  not  prevail  where  the  evidence 
shows  that  the  defendant's  possession  was  under  claim  of  right  and 
hostile  to  plaintiff's  possession,  only  up  to  the  true  line  between  the 
sections  in  which  the  plaintiff's  and  defendant's  lands  respectively 
lay. 

Aldrich  Mining  Ck).  v.  Pierce  (Alabama),  68  Southern,  901.  p.  902,  May,  1915. 

EJECTMENT — ^LEGAL  TITLE  PREVAILS  OVER  EQUITABLE. 

In  an  action  for  the  possession  of  coal,  iron  ore,  fire  clay,  and  other 
minerals  on  a  certain  tract  of  land,  proof  on  the  part  of  the  plaintiff 
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showing  a  prior  legal  title  from  a  common  source  will  entitle  him  to 
recover  as  against  an  equitable  title  from  the  same  common  source. 

Clinchfleld  Goal  Corporation  v,  Steimnan,  223  Federal,  743,  p.  746,  May,  1915. 

ADVERSE  POSSESSION    INSUFFICIENT. 

The  masting  of  hogs  or  the  grazing  of  cattle  on  inclosed  mineral 
land  will  not  constitute  adverse  possession  as  these  are  in  the  same 
category  with  other  fitful  acts  of  possession,  such  as  the  occasional 
cutting  of  timber,  mowing  of  hay,  or  digging  of  coal,  which  are 
generally  regarded  as  insufficient  to  sustain  a  plea  of  limitation. 

Kentucky  Ck>al  Lands  Ck>.  v.  WUder  (Kentucky),  176  Southwestern,  1155,  p. 
1156,  June,  1915. 

OIL  AND  OIL  LANDS— SALE  AND  CONVEYANCE. 

OIL  AND  GAS  AS*  REAL  ESTATE — CONVEYANCE. 

For  the  purpose  of  ownership  and  conveyance  of  solid  minerals 
the  earth  may  be  divided  horizontally  as  well  as  vertically  and  title 
to  the  surface  may  rest  in  one  person  and  title  to  the  strata  beneath 
the  surface  containing  such  minerals  in  another;  and  oil  and  gas 
lying  within  the  strata  of  the  earth  necessarily  are  a  part  of  the 
realty,  and  being  a  part  of  the  realty  while  in  place  it  must  legally 
follow  that  when  they  are  conveyed  while  in  that  condition  or  pos- 
sessing that  status,  a  conveyance  of  an  interest  in  the  realty  results. 
There  is  substantial  groimd  for  the  distinction  sometimes  made  in 
this  respect  between  solid  minerals  and  oil  and  gas,  and  a  purchaser 
of  the  oil  and  gas  within  the  ground  assumes  the  hazard  of  their 
absence  through  the  possibility  of  their  escape  from  beneath  a  par- 
ticular tract  of  the  surface  and  if  they  are  not  discovered  the  con- 
veyance is  of  no  effect;  but  the  possibility  of  the  escape  of  oil  and 
gas  does  not  render  them  while  in  place  incapable  of  conveyance, 
and  their  ownership  while  in  that  condition  with  the  exclusive  right 
to  take  them  from  the  land  is  nothing  less  than  ownership  of  an 
interest  in  the  land,  and  especially  so  where  parties  have  contracted 
upon  the  assumption  that  they  do  exist  in  the  land  described  and 
their  conveyance  while  in  place  is  consequently  a  conveyance  of  an 
interest  in  the  realty,  and  their  conveyance  requires  all  the  formali- 
ties of  a  conveyance  of  any  other  interest  in  the  real  estate. 

Texas  Co.  v.  Daugherty  (Texas),  176  Southwestern,  717,  p.  719,  May,  1915. 

NATUBE    OF    OIL    AND    GAS — OWNERSHIP    AND    POSSESSION. 

Oil  and  gas  in  the  groimd,  outside  of  an  artificial  receptacle,  as 
the  casing  of  a  well  or  pipe  line,  are  parts  of  the  realty  underneath 
the  surface  where  they  lie  and  the  owner  of  the  surface  is  the  owner 
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of  the  oil  and  gas  beneath,  but  if  they  stray  into  the  lands  of  another 
he  ceases  to  own  them,  and  until  they  are  severed  from  the  realty 
they  are  as  much  a  part  of  it  as  coal  or  salt ;  but  the  possession  of 
the  land  is  not  necessarily  the  possession  of  oil  and  gas  for  the  rea- 
son that  if  an  adjoining  or  even^a  distant  owner  drills  on  his  own 
land  and  takes  oil  or  gas  therefrom,  and  oil  or  gas  from  under  the 
lands  of  another  enters  into  his  well  or  under  his  control,  it  then  be- 
comes his  property.  The  owner  of  the  land  has  only  qualified  rights 
to  the  oil  and  gas  beneath  the  surface.  These  include  the  right  to 
reduce  them  to  possession  and  to  exclude  all  others  exercising  the 
right  on  his  premises,  but  title  in  him  to  such  oil  and  gas  does  not 
vest  until  he  has  reduced  them  to  actual  possession,  either  by  bring- 
ing them  into  a  well  or  into  a  pipe  line,  or  into  a  tank  or  other  recep- 
tacle in  case  of  oil,  as  until  this  is  done  the  gas  and  oil  by  natural 
forces  may  escape  from  his  land  and  be  reduced  to  possession  as 
property  of  another. 

Natalie  Oil  Co.  v.  Louisiana  Railway  &  Navigation  Ck>.  (Louisiana),  69 
Southern,  146,  p.  148,  June,  1015. 

GRANT  OF  OIL  AND  GAS. 

A  grant  of  all  the  oil  and  gas,  coal,  and  other  minerals  in  and 
under  a  particular  tract  of  land  described  for  a  stated  consideration 
and  certain  stipulated  royalties,  together  with  the  exclusive  right 
of  ingress  and  egress  at  all  times  for  the  purpose  of  drilling,  mining, 
and  operating  for  such  minerals  and  the  erection  of  appliances, 
structures,  the#  laying  of  the  necessary  pipe  lines,  and  providing 
that  the  grantee  is  ^^  to  have  and  to  hold,  all  and  singular,  the  above- 
described  premises,  rights,  properties,  and  privileges,  and  all  such 
as  are  hereinafter  specified,  unto  the  said  grantee,  and  the  heirs,  suc- 
cessors, and  assigns  of  such,  forever,'^  is  not  a  mere  demise  of  the 
premises  for  a  given  period,  nor  is  it  a  grant  of  the  right  to  prospect 
upon  the  lands  for  oil  and  gas  and  reduce  the  same  to  possession 
and  ownership,  but  it  amounts  to  a  defeasible  title  in  fee  to  the  oil 
and  gas  in  the  ground  and  the  conditions  of  forfeiture  must  be 
taken  as  conditions  subsequent  and  renders  the  title  subject  to  be 
defeated  for  failure  to  perform  the  stipulated  conditions. 

Texas  Co.  v.  Daugherty  (Texas),  176  Southwestern,  717,  p.  718,  May,  1915. 

CONTRACT  FOR  SALE  OP  OIL  LANDS — CONSTRUCTION  AND  COMPENSATION. 

The  owner  of  valuable  oil  property  entered  into  a  contract  with 
another  by  which  the  other  contracting  party  was  authorized  to  sell 
on  commission  or  to  buy  certain  oil  property  at  a  stipulated  price 
until  a  well  then  in  process  of  drilling  should  be  "  drilled  in  "  and 
"completed,"  this  provision  being  manifestly  intended  to  protect 
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the  owner  from  depreciation  in  the  event  of  a  "dry  hole"  or  loss 
from  depreciation  in  the  value  of  his  property  if  the  well  in  process 
of  drilling  should  prove  to  be  a  good  well,  and  such  contract  and  its 
terms  are  limited  to  the  time  between  the  date  of  the  contract  and 
the  time  immediately  before  the  drilling  in  and  completion  of  such 
well  into  and  through  all  the  oil  and  gas  bearing  sands  in  the 
vicinity  of  the  well;  and  it  must  be  understood  that  the  words 
"  drilled  in  "  and  "  completed,"  as  applied  to  the  well  in  process  of 
drilling,  are  used  synonymously  and  mean  one  and  the  same  thing, 
and  have  reference  to  the  well  being  drilled  in  and  completed 
through  the  oil  or  gas  bearing  sands ;  and  the  time  limit  in  the  con- 
tract can  not  be  controlled  by  any  agreement  or  arrangement  be- 
tween the  owner  of  the  well  and  the  drilling  contractor,  not  referred 
to,  nor  made  with  reference  thereto,  as  to  what  was  meant  by  the 
words  "  drilled  in "  or  "  completed,"  as  employed  in  the  original 
contract  of  agency;  and  the  second  party  to  the  contract,  in  order  to 
entitle  him  to  the  stipulated  compensation,  or  to  any  compensation, 
must  perform  the  contract  and  find  a  purchaser  within  the  time 
specified. 

Chambers  t'.  Simmons  (West  Virginia),  85  Soutlieastern,  182,  AprU,  1015. 

RIGHT  OF  RAILROAD  CJOMPANY  TO  DRILL  ON  RIGHT  OF  WAY — ^INJUNCTION 

BY   ADJOINING   LANDOWNER. 

Where  a  railroad  company  is  the  owner  in  fee  in  the  land  used 
as  its  right  of  way,  it  has  the  right  to  explore  the  same  and  drill 
thereon  for  the  purpose  of  extracting  oil  therefrom,  and  an  adjoin- 
ing landowner  is  without  right  to  disturb  its  operation  or  enjoin  it 
from  the  exercise  of  such  right;  and  where,  under  such  circum- 
stances an  adjoining  landowner  seeks  to  enjoin  the  drilling  opera- 
tions on  the  part  of  the  railroad  company,  a  bond  is  properly 
required  before  the  injunction  issues,  so  as  to  compensate  the  com- 
pany in  damages  if  it  developed  later  that  oil  was  extracted  from 
beneath  the  land  owned  by  the  railroad  company ;  but  the  difficulty 
in  the  way  of  proving  damages,  owing  to  the  peculiar  character 
of  the  gas  and  oil  which  may  escape  from  one  place  to  another, 
renders  such  a  bond  of  little  use  is  case  of  a  definitive  judgment 
against  the  complainant  in  the  suit  and  an  injunction  under  such 
circumstances  might  work  an  irreparable  injury,  while  on  the 
other  hand  if  the  developments  continued  to  the  injury  of  the  com- 
plainant it  would  be  a  small  matter  to  measure  the  oil  and  gas 
extracted  through  the  wells  bored  on  the  right  of  way. 

Natalie  Oil  Co.  v.  Louisiana  Hallway  &  Navigation  Co.    (Louisiana),  69 
Southern,  146,  p.  148,  June,  1915. 
See  Hayne  v,  BJdenborn  (Louisiana),  68  Southern,  737,  May,  1915. 
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MINING  TERMS. 

BATTERY. 

A  battery  is  made  of  three  stuUs  placed  together  and  put  in 
at  the  pitch  of  the  vein,  usually  located  a  few  feet  apart,  up  and 
down,  and  crosswise  of  a  stope. 

Lesh  17.  Tamarack  Mining  Go.  (Michigan),  152  Northwestern,  1021,  p.  1022, 
June,  1915. 

MILLS. 

Mills  are  openings  in  the  floor  or  bottom  of  a  stope  through  which 
the  ore  or  mineral  is  passed  or  thrown  downward  along  the  f  ootwall 
to  the  level. 

Lesh  V.  Tamarack  Mining  Co.  (Michigan),  152  Northwestern,  1021,  p.  1022, 
June,  1915. 

POP  SHOTS. 

A  pop  shot  is  a  shot  by  which  a  bowlder  in  a  mine  is  broken  up  by 

placing  a  stick  of  dynamite  on  top  of  the  bowlder  and  exploding  it 

Baltesel  t.  American  Zinc,  Lead  &  Smelting  Ck>.  (Missouri  Appeals),  176 
Southwestern,  446,  p.  447,  May,  1915. 

PUFFER  BOY. 

A  puffer  boy  is  a  person  employed  to  operate  an  engine  in  a  mine 
called  a  puffer  engine,  used  for  hauling  loaded  cars  through  haulage- 
ways. 

Lahti  V,  Tamarack  Mining  Co.  (Michigan),  152  Northwestern,  907,  June,  1915. 

SCRAM. 

A  scram  is  a  small  softicoal  mine  complete  in  itself. 

Republic  Steel  &  Iron  Co.  v.  Luster  (Alabama),  eS  Southern,  358,  p.  359, 
April,  1915. 

SOULAR. 

A  soUar  is  a  place  or  platform  from  which  trammers  shovel  or 
throw  the  ore  or  rock  into  a  car. 

Lesh  V.  Tamarack  Mining  Co.  (Michigan),  152,  Northwestern,  1021,  p.  1022, 
June,  1915. 

MINING  CORPORATIONS. 

INJUNCTION  TO  PREVENT  CX)N SOLID ATION. 

In  an  action  by  a  minority  stockholder  of  a  mining  corporation  to 
prevent  by  injunction  a  consolidation  of  a  number  of  mining  corpo- 
rations, the  plaintiff  makes  a  prima  facie  case  which  the  defendants 
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are  bound  to  overcome,  when  he  shows  by  competent  testimony  that 
the  consolidation  plant  and  the  milling  plant  proposed  and  which  are 
being  pursued  are  prejudicial  to  the  rights  of  the  minority  stock- 
holders in  one  company  and  unduly  favorable  to  the  interests  of 
the  controlling  company  seeking  to  enforce  the  consolidation. 

Hyams  v.  Calumet  &  Hecla  Mining  Ck>.,  221  Federal,  529,  p.  541  (January, 
1915). 

Turner  v,  Calumet  &  Hecla  Mining  Co.  (Michigan),  153  Northwestern,  718, 
July,  1915. 

PROMOTERS  OCCUPY  FIDUCIARY  RELATION  TO  COMPANY  SUBSCRIBERS. 

Promoters  of  a  mining  corporation  formed  for  the  purpose  of 
purchasing  from  them  valuable  mining  property  occupy  a  fiduciary 
relation  to  their  cosubscribers  and  are  bound  to  truthfully  declare 
to  their  associates  any  personal  interest  they  may  have  in  the  mat- 
ter of  the  purchase ;  and  without  such  disclosures  they  can  not  legally 
profit  at  the  expense  of  their  associates,  and  the  interests  of  future 
stockholders  are  entitled  to  protection  from  concealed  benefits  or 
profits  acquired  by  the  promoters  in  other  transactions  with  the  cor- 
poration and  to  a  full  disclosure  of  the  true  facts  of  the  purchase 
price  of  the  mining  property,  and  an  advantage  or  benefit  accruing 
to  the  promoters  by  failure  to  do  so  or  concealment  constitutes  a 
fraud  on  the  corporation;  and  the  corporation  is  entitled  to  set 
aside  the  transaction  or  recover  compensation  for  any  loss  suffered. 

California  Calaveras  Mining  Co.  r.  Walls  (California),  149  Pacific,  595,  p. 
599,  June,  1915. 

MANDAMUS   TO   COMPEL  DIRECTORS   TO   CALL   MEETING. 

The  stockholders  of  a  mining  corporation  may  avail  themselves  of 
the  remedy  by  mandamus  to  compel  the  board  of  directors  to  call  an 
annual  meeting  for  the  election  of  directors,  and  the  rule  applies  to 
directors  of  foreign  corporations  who  reside  in  the  State,  where  the 
property  of  the  corporation  is  in  the  State  and  where  the  usual  cor- 
porate acts  have  been  performed. 

Stapler  v.  El  Dora  OU  Co.  (California  Appeals),  150  Pacific,  643,  p.  644 
July,  1915. 

CONTROL  BY  AID  OP  PROXIES. 

The  control  of  a  mining  corporation  purposely  gained  and  exer- 
cised by  a  majority  stockholder  with  the  aid  of  proxies  of  other 
stockholders  may  have  the  same  effect  as  a  control  by  actual  stock 
majority. 

Hyams  v,  Calumet  &  Hecla  Mining  Co.,  221  Federal,  529,  p.  541  (January, 

1915). 

Turner  r.  Calumet  &  Hecla  Mining  Co.  (Michigan),  153  Northwestern,  718,^ 
July,  1915. 
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BANKRUPTCY — ^AUTHORITY  OP  MANAGING  OPFICSBS. 

An  act  of  bankruptcy  on  the  part  of  a  mining  corporation  at  the 
instance  of  the  managing  director  and  those  acting  with  him  having 
full  control  of  the  company's  affairs  is  suflScient  to  authorize  the 
appointment  of  a  receiver,  though  not  authorized  by  a  vote  of  the 
directors  or  stockholders. 

James  Supply  &  Hardware  Co.  v.  Dayton  Ck>al  &  Iron  Ck).,  223  Federal,  991, 
p.  d94,  Jane,  1915. 

LIABUJTT  ON  NOTE  EXECUTED  BY  OPFICERS. 

A  mining  corporation  is  liable  on  a  note  executed  by  its  officers, 
though  the  name  of  the  corporation  does  not  appear  as  a  maker, 
where  the  evidence  shows  that  the  corporation  negotiated  the  loan, 
received  the  money,  and  expended  it  for  its  own  purposes,  and  the 
president  and  secretary  signed  the  note,  intending  thereby  to  execute 
it  as  the  note  of  the  corporation,  and  it  was  accepted  as  such,  and 
where  the  execution  of  the  note  was  subsequently  ratified  by  the 
directors  and  stockholders. 

San  Joaquin  Valley  Bank  v.  Gate  City  Oil  Ck>.  (California),  149  Pacific,  5oT, 
p.  558,  June,  1915. 

BIOHT  OF  STOCKHOLDER  TO  SUE  AT  LAW  WHERE  CORFORATIOK  REFUSES. 

A  stockholder  of  the  United  Copper  Securities  Co.  can  not, 
on  behalf  of  himself  and  all  other  stockholders  of  the  company, 
maintain  an  action  to  recover  treble  damages  under  section  7  of  the 
Sherman  Antitrust  Act  of  July  2,  1890  (26  Stat,  40),  from  cer- 
tain-named individuals  and  the  Amalgamated  Copper  Co.,  on  the 
ground  of  conspiracy  to  create  a  monopoly  in  the  interstate  com- 
merce and  trade  in  copper  produced  in  the  State  of  Montana, 
although  he  avers  that  he  had  requested  such  United  Copper  Securi- 
ties Co.  to  bring  suit  and  it  had  refused  to  do  so.  There  seems  to 
be  no  ground  for  holding  that  a  stockholder  may  bring  an  action 
at  law  in  the  name  of  the  corporation  to  recover  money  damages  or 
specific  property  where  the  corporation  itself  refuses  to  do  so. 

United  Copper  Secarities  Ck>.  v.  Amalgamated  Ck>pper  Ck>.,  223  Federal,  ^^^ 
April,  1915. 

RIGHTS    OP    MINORITT    ST0CK:H0U)ERS — ^ENJOINING    BALE    AND    CON- 
SOLIDATION. 

Minority  stockholders  of  a  mining  corporation  may  maintain  a 
suit  in  equity  to  set  aside  a  sale  of  the  property  of  the  mining  cor- 
poration and  an  attempted  consolidation  with  smaller  corporations, 
where  the  price  paid  for  the  mining  property  was  inadequate,  be- 
cause of  the  methods  of  sale,  the  nature  of  the  consideration  and  its 
intended  disposition. 

Geddes  v.  Anaconda  CJopper  Mining  Co.,  222  Federal,  129,  p.  131,  May,  1915. 
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PURCHASE  OF  STOCK— CONTROL, 

A  mining  corporation  empowered  to  subscribe  for,  purchase,  own, 
and  dispose  of  stock  in  any  company  organized  under  the  laws  of 
Michigan,  for  the  purpose  of  mining,  refining,  smelting,  or  manu- 
facturing any  or  all  kinds  of  ores  or  minerals,  has  no  power  to  pur- 
chase stock  of  other  corporations  for  the  purpose  of  controlling  their 
management ;  and  the  statutory  right  to  stock  ownership  in  another 
corporation  and  the  control  thereby  given  effect  no  change  in  the 
fiduciary  obligation  which  exists  on  the  part  of  majority  holders 
toward  minority  holders  in  the  absence  of  statutes  expressly  per- 
mitting such  ownership. 

Hyams  v.  Calumet  &  Hecla  Mining  Ck>.,  221  Federal,  529,  p.  537  (January, 
1915). 

Turner  v.  Calumet  &  Hecla  Mining  Ck>.  (Michigan),  153  Northwestern,  718, 
July,  1915. 

SALE  or  STOCK  TO  ANOTHER  CORPORATION — BRIGHT  OP  STOCKHOLDER. 

A  stockholder  in  a  mining  corporation  can  insist  that  any  sale  of 
all  corporate  property  upon  dissolution  shall  be  to  the  highest  bidder 
for  cash,  and  not  to  a  corporation  in  which  the  majority  are  inter- 
ested and  for  its  stock  at  prices  fixed  by  them. 

Qeddes  v.  Anaconda  (Copper  Mining  Co.,  222  Federal,  129,  p.  134,  May,  1915. 

RIGHTS  OF  MAJORirr  AND  MINORITl   STOCKHOLDERS — ^EQUrTABLE  RELIEF. 

Independently  of  State  or  National  antitrust  statutes  the  rule  is 
that  a  person  in  control  of  a  majority  of  the  stock  and  of  the  board  of 
directors  of  a  mining  corporation  occupies  a  fiduciary  relation  toward 
the  minority  stockholders  and  is  charged  with  the  duty  of  exercising 
a  high  degree  of  good  faith,  care,  and  diligence  for  the  protection 
of  such  minority  interests,  and  any  act  in  his  own  interest  to  the 
detriment  of  the  minority  stockholders  is  a  breach  of  duty  and  of 
trust,  and  entitles  a  minority  stockholder  to  plenary  relief  from  a 
court  of  equity. 

Hyams  v.  Calumet  &  Heda  Mining  Co.,  221  Federal,  529,  p.  537  (January, 

1915). 

Turner  v.  Calumet  &  Hecla  Mining  Co.  (Michigan),  153  Northwestern,  718, 

July,  1915. 

SAIiE   AND   DISTRIBUTION   OP   CORPORATE   PROPERTY — ^RlGHTS   OP 

STOCKHOLDERS. 

A  stockholder  in  a  mining  corporation  is  not  bound  to  expect  any- 
thing but  money  for  his  equitable  share  of  corporate  property,  nor 
is  he  bound  to  permit  a  sale  to  be  made  for  other  chattels  or  goods 
to  be  distributed. 

Ctoddes  v.  Anaconda  Copper  Mining  Ck).,  222  Federal,  129.  p.  134,  May,  1915, 
12317'— Bull.  113—16 2 
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SALE  OF  PROFEKET  BY  COMMON  DIRECTORS — ^RELIEF  IN  EQUTTr. 

The  sale  of  the  stock  of  a  mining  corporation  made  by  the  direc- 
tors who  were  also  directors  in  the  purchasing  company  and  con- 
sented to  by  a  majority  of  the  stockholders,  and  where  large  diTi- 
dends  have  been  subsequently  paid  on  the  stock,  will  not  be  uncon- 
ditionally set  aside  at  a  suit  of  the  minority  stockholders,  where  the 
corporation  was  largely  in  debt,  its  mines  exhausted,  closed,  and 
flooded,  and  its  remaining  properties  were  virgin  ground  and  un- 
workable zinc-silver  ore;  but  in  such  case  a  resale  will  be  ordered 
if  a  greater  sum  can  be  realized,  but  if  no  greater  bid  than  the  total 
proceeds  of  the  sale  as  originally  made,  then  the  original  sale  may 
stand. 

Geddes  v.  Anaconda  Copper  Mining  Co.,  222  Federal,  129,  p.  135,  May,  1915. 

FORECLOSDRE  OF  MORTQAGE — RIGHT  OF  STOCKHOLDER  TO  INTERVENE. 

In  an  action  by  a  creditor  against  a  mining  corporation  to  fore- 
close a  mortgage,  a  stockholder  and  a  third  person  interested  in  the 
premises  may,  on  a  showing  that  he  has  demanded  of  the  officers  of 
the  mining  company  that  they  defend  the  action  of  foreclosure,  but 
that  the  officers  have  neglected  to  do  so  and  are  in  a  conspiracy  with 
the  plaintiff  to  prevent  a  defense  being  interposed  and  on  an  aver- 
meant  that  the  notes  and  mortgages  sued  upon  were  fraudulent  and 
ultra  vires,  intervene  and  make  such  defense  on  behalf  of  the 
mining  corporation,  and  his  complaint  and  petition  for  intervention 
may  be  treated  by  the  court  as  an  answer  to  the  complaint  and  peti- 
tion to  foreclose. 

Investors'  Syndicate  v,  Nortli  American  Coal  &  Mining  Co.  (North  Dakota). 
153  Kortliwestem,  472,  p.  473,  Jnly,  1915. 

AGREEMENT  AS  TO  ISSUANCE  OF  STOCK — ^VIOLATION  AND  REBCEDT. 

By  an  arrangement  and  agreement  three  persons,  by  joint  ad- 
venture, procured  an  option  to  develop  a  mine,  and  formed  a  cor- 
poration for  that  purpose  under  an  agreement  by  which  each  should 
receive  one-third  of  the  capital  stock  of  the  corporation.  The  cor- 
poration was  formed  with  the  capital  stock  fixed  at  500,000  shares 
of  the  par  value  of  $1  each  and  $250,000  was  made  treasury  stock, 
and  thereupon  one  of  the  parties  caused  to  be  issued  to  himself 
125,000  diares  and  to  each  of  the  other  two  members  62,500  shares. 
Under  the  original  agreement  and  without  making  any  treasury 
stock  each  of  the  ventures  was  entitled  to  receive  83,333}  shares; 
but  after  deducting  the  treasury  stock  the  issuance  of  the  125,000 
shares  to  one  of  the  parties  was  a  violation  of  the  agreement,  and 
the  others  h^d  the  right  to  refuse  the  62,500  and  to  ccxnpel  the  paity 
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receiving  the  125,000  shares  to  transfer  20,833^  shares;  but  it  was 
an  error  for  the  trial  court  to  award  one  of  them  41,666f  shares  of 
the  125,000  so  issued  to  one  of  the  parties. 

Kent  V,  Costin  (Minnesota),  153  Northwestern,  874,  p.  875,  July,  1915. 
AUTHORITY    OF   AGENT — ^I-'AILURE   TO    COMMUNICATE    INSTRUCTIONS. 

A  general  superintendent  of  a  milling  company  instructed  and 
directed  to  employ  a  person  to  do  certain  hauling  and  to  have  cer- 
tain machinery  installed  has  power  to  bind  the  company  to  the 
terms  of  the  contract  made  by  him  for  the  purpose  of  accomplishing 
the  work,  and  the  party  with  whom  he  contracts  is  not  bound  by  the 
limitations  placed  upon  the  agent  as  to  the  price  to  be  paid  for  the 
work,  where  such  instructions  as  to  price  were  not  communicated 
to  him. 

Bonanza  MlUlng  CJo.  v.  Borego  (Colorado),  148  Pacific,  859,  p.  860,  May,  1915. 

SERVICE    OF    PROCESS — ;DOINO    BUSINESS    WITHIN    A    STATE. 

The  statute  of  Washington  (Remington  and  Ballinger's  Code, 
section  225,  subdivision  9),  providing  that  summons  may  be  served 
on  a  foreign  corporation  doing  business  within  the  State,  does  not 
apply  to  a  corporation  organized  in  the  State  of  Minnesota  and  con- 
ducting mining  operations  in  Alaska,  and  is  maintaining  in  Seattle, 
in  the  State  of  Washington,  a  purchasing  and  forwarding  agent  on 
a  salary,  the  corporation  paying  the  office  rent  and  expenses,  and 
where  such  agent  has  purchased  goods,  wares,  and  merchandise  in 
the  city  of  Seattle  with  directions  that  they  be  shipped  to  the  de- 
fendant corporation  at  its  place  of  business  in  Alaska,  and  where 
such  agent  is  charged  also  with  the  duty  of  seeing  that  the  goods 
ordered  by  the  defendant  corporation  from  eastern  points  or  cities 
are  transshipped  at  Seattle  and  forwarded  to  the  place  of  business 
of  the  corporation  in  Alaska,  and  where  such  agent  does  not  pay 
for  any  goods  or  disburse  any  moneys  whatsoever,  but  where  moneys 
are  disbursed  from  the  general  office  of  the  defendant  corporation  at 
places  outside  of  the  State  of  Washington,  as  in  such  case  the  cor- 
poration is  not  doing  business  within  a  State. 

.Johnson  v.  Alaska  Treadwell  Gold  Mining  Co.,  225  Federal,  270,  April,  1915. 
See  Daly  t?.  Lahontan  Mines  CJo.  (Nevada),  151  Pacific,  514,  September,  1915. 

MANDAMUS  TO  CONTROL  NATURAL  GAS  COMPANY. 

A  corporation  organized  prior  to  the  passage  of  the  act  approved 
March  26,  1913  (Session  Laws  of  Oklahoma,  1913,  ch.  99),  as  a  gas 
purchasing,  producing,  transporting,  and  delivering  company,  and 
at  the  time  of  the  passage  of  the  act  referred  to  the  corporation  had 
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acquired  gas-producing  wells  throughout  the  State  and  was  en- 
gaged in  the  business  of  transporting  natural  gas  from  such  wells 
through  a  system  of  pipe  lines  to  the  limits  of  certain  cities  in  the 
State  and  there  selling  and  delivering  its  natural  gas  to  domestic 
corporations  with  which  it  was  in  nowise  connected.  The  wells  of 
the  corporation  in  its  several  gas  fields  all  drew  from  the  same  source 
of  supply  as  other  wells  in  the  same  field  owned  and  operated  by 
other  producers,  and  so  much  as  any  one  well  produced  the  supply 
was  diminished,  but  the  gas  when  reduced  to  possession  could  not  be 
profitably  stored.  While  the  corporation  was  so  operated  the  act 
of  March  26,  1913,  was  passed  making  it  unlawful  for  the  corpora- 
tion to  engage  in  the  business  of  purchasing,  producing,  transporting, 
and  delivering  natural  gas  within  the  limits  of  the  State,  except  as 
authorized  by  and  subject  to  the  provisions  and  restrictions  of  sudi 
act;  and  the  act  permitted  the  corporation  to  continue  its  business  as 
a  common  carrier  and  a  common  purchaser  by  first  accepting  the 
provisions  of  the  act  in  a  certain  manner  within  a  certain  time,  but 
on  the  failure  of  the  corporation  to  do  so,  mandamus  will  not  lie  to 
compel  it  to  accept  the  provisions  of  the  act  and  operate  thereunder 
as  a  common  carrier  and  common  purchaser,  nor  will  mandamus  lie 
to  compel  a  general  course  of  conduct  and  a  long  series  of  continuous 
acts,  where  it  is  not  possible  for  the  court  to  oversee  the  performance 
of  the  company's  duties  as  prescribed  in  the  act,  and  where  the  act 
affords  the  State  a  plain,  adequate,  and  complete  statutory  remedy 
against  the  corporation. 

Oklahoma  Natural  Gas  Go.  v.  State  (Oklahoma,  150  Padflc,  475,  June,  1915. 

ACTS  OF  BANKRUPTCY — INSOLVENT   CORPORATION   AS  DEFENDANT. 

Where  a  receivership  was  procured  by  actual  authority  of  a  min- 
ing corporation  and  on  its  behalf,  as  a  defendant  in  a  pending  suit, 
it  was  as  effectual  an  act  of  bankruptcy  as  if  the  suit  had  been 
directly  in  the  name  of  such  corporation  as  complainant;  and  it 
is  immaterial  that  the  receivership  was  not  ordered  because  of 
insolvency  if  the  mining  corporation  showed  actual  insolvency  at 
the  time  the  receivership  was  applied  for. 

James  Supply  &  Hardware  Ck>.  v,  Dayton  Ck>al  &  Iron  Ck>.,  223  Federal,  991, 
p.  993,  June,  1915. 

SUmCIENCT  OF  APPLICATION  FOR  RECEIVER. 

A  petition  by  certain  minority  stockholders  of  an  oil  company 
averring  that  the  corporation  owned  property  of  the  value  of 
$100,000  and  owed  debts  in  the  sum  of  about  $15,000,  and  that 
among  that  corporation's  assets  was  a  claim  or  cause  of  action 
against  certain  named  persons  in  the  sum  of  about  $20,000,  which 
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claim  was  for  stock-promotion  expenses  and  commissions  and  cash 
wrongfully  and  fraudulently  obtained  by  such  named  persons,  a3 
fully  shown  in  a  prior  report  of  an  auditor,  and  that  such  named 
persons  were  disposing  of  their  stock  in  the  corporation  for  the  pur- 
pose either  of  controlling  the  corporaticm  and  having  such  claims 
canceled  or  to  prevent  the  corporation  from  bringing  suit  to  col- 
lect such  claims,  and  also  averring  that  if  suit  was  not  brought  the 
claims  would  be  barred  by  the  statute  of  limitations,  and  averring 
also  that  the  managing  officers  of  the  corporation  declined  and 
refused  to  bring  suit,  is  not  sufficient  to  authorize  the  appointment 
of  a  receiver  for  the  corporation  where  no  cause  of  action  is  asserted 
in  the  petition  against  any  of  the  defendants,  nor  any  recovery 
sought  in  the  suit,  nor  any  relief  prayed  for  except  the  appoint- 
ment of  a  receiver,  as  the  minority  stockholders  themselves  could, 
on  a  proper  showing,  bring  suit  to  recover  for  the  benefit  of  the 
corporation. 

Forest  Oil  Go.  v,  Wilson  (Texas  GivU  Appeals),  178  Southwestern,  626, 
p.  628,  June,  1915. 

APPOINTMENT  OF  RECEIVES — ^PRIMA  FACIE  CASE. 

Section  8,  chapter  51,  of  the  laws  of  1909  of  South  Dakota, 
authorizing  the  appointment  of  a  receiver  in  a  suit  commenced  for 
the  foreclosure  of  a  miner's  lien  upon  mining  property  and  making 
it  the  duty  of  a  court  in  such  case  to  appoint  a  receiver  does  not 
mean  that  simply  upon  the  filing  of  such  suit  and  a  demand  for 
the  appointment  of  a  receiver  the  court  is  authorized  to  make  such 
lippointment,  as  the  effect  of  the  appointment  of  a  receiver  is  to 
take  from  the  owner  the  right  of  possession  and  control  of  his 
property  and  place  it  under  the  control  of  a  stranger,  and  any 
statute  permitting  or  authorizing  such  act  without  a  showing  justi- 
fying it  is  fundamentally  and  clearly  void;  but  the  provisions  of 
this  act,  so  far  as  they  relate  to  the  appointment  of  receivers,  should 
be  construed  in  the  light  of  other  existing  laws  in  relation  to  re- 
ceivers, and  before  a  court  would  be  authorized  to  appoint  a  receiver 
in  such  an  action  a  showing  upon  notice  should  be  made  sufficient 
to  justify  and  warrant  the  appointment. 

Cessna  v.  Otho  Development  &  Power  Go.  (South  Dakota),  153  Northwestern, 
380,  p.  382,  June,  1915. 

RECEIVER — ^POWER  OP   COURT  TO  DECREE   PRIORITY  OF   LIEN. 

A  court  of  equity  appointing  a  receiver  of  a  mining  corporation 
has  no  power  in  the  absence  of  the  consent  of  prior  contract  lien 
creditors,  in  authorizing  its  receiver  to  continue  the  business  of  the 
company,  to  decree  that  the  indebtedness  of  a  particular  defendant 
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shall  take  precedence  over  such  prior  contract  liens  as  a  mortgage 
in  the  absence  of  the  consent  of  the  mortgagee. 
Stacey  v.  McNicholas  (Oregon),  148  Pacific,  67,  p.  71,  April,  1915. 

receiver's  SAUlRT  and  expenses  as  FIRST  LIEN. 

Property  of  a  mining  corporation  properly  placed  in  the  hands  of 
a  receiver  by  order  of  a  court  of  equity  becomes  chargeable  with  the 
necessary  expenses  incurred  in  taking  care  of  and  saving  it,  and 
such  expenses,  together  with  the  compensation  for  the  services  of  the 
receiver,  are  taxable  as  part  of  the  costs  and  entitled  to  priority  of 
payment  as  a  first  lien  upon  the  mining  property. 

Stacey  v,  McNicholas  (Oregon),  148  Pacific.  67,  p.  71,  April,  1915. 

RECEIVER — ^rUND  FOR  PAYMENT  OP  OPERATING  EXPENSES. 

Where  a  receiver  is  appointed  by  a  court  for  a  mining  corporation 
and  is  by  the  order  directed  to  continue  its  business,  the  claims  for 
expenses  in  operating  the  mine  not  shown  to  be  necessary  for  the 
care  and  preservation  of  the  property  should  be  paid  as  far  as  pos- 
sible from  the  income  realized  from  the  mining  operations. 

Stacey  v.  McNicholas  (Oregon),  148  Pacific,  67,  p.  71,  April,  1915. 

CONTRACT  FOR  SALE  OP  MINING  STOCK — SIU&NCE   NOT  A   RATIFICATION. 

In  an  action  to  recover  the  balance  due  on  a  contract  for  the  sale 
of  certain  mining  stock  in  the  absence  of  evidence  to  the  effect  that 
the  agent,  a  brother  of  the  seller,  agreed  that  a  certain  sum  of  money 
used  to  develop  the  mine  should  be  applied  on  the  contract,  the  mere 
silence  of  the  seller  can  not  be  taken  as  a  ratification  of  a  contract 
that  he  claimed  did  not  exist 

Clough  V.  Monro  (W^ashington),  150  Pacific,  1190,  p.  1192,  August,  1915* 

EMINENT  DOMAIN. 

MINING  A  PUBLIC  USE. 

By  section  2456  of  the  Revised  Statutes  of  Nevada  mining  for 
gold,  silver,  copper,  lead,  cinnabar,  and  other  valuable  minerals  is 
recognized  as  the  paramount  interest  of  the  State  and  is  declared  to 
be  a  public  use. 

Goldfield  Ck>nsolidated  Milling,  etc.,  Co.  v.  Old  Sandstrom  Annex:  Qold  Mining 
Co.  (Nevada),  150  Pacific,  313,  p.  316,  July,  1915. 

APPROPRIATION    OP    LAND    FOR    MINING    PURPOSES — CONSTRUCTION    AND 

VAMDITT  OF  STATUTE. 

The  validity  of  statutes  for  the  appropriation  of  private  property 
for  mining  purposes  may  sometimes  depend  upon  many  different 
facts,  the  existence  of  which  would  make  a  public  use,  even  by  an 
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individual,  where  in  the  absence  of  such  facts  the  use  would  be 
clearly  private;  but  such  facts  must  be  gweral,  notorious,  and  ac- 
knowledged in  the  State,  and  are  not  the  subject  of  judicial  investi- 
gation, but  are  well  known  by  the  courts ;  and  the  courts  in  the  ooix- 
struction  of  such  statutes  will  notice  the  situation  and  conditions 
leading  to  the  demand  for  the  enactment  of  such  statutes,  and  in 
their  construction  may  consider  the  results  upon  the  growth  and 
prosperity  of  a  State  which  m  all  probability  would  flow  from  a 
denial  of  the  validity  of  such  statutes,  and  aU  such  matters  may 
have  a  material  bearing  upon  the  question  whether  the  individual 
use  proposed  is  not  in  a  fact  a  public  use.  But  for  the  existence 
and  validity  of  such  statutes,  the  owners  of  mines  and  of  works  for 
the  reduction  of  ores,  the  operations  of  which  furnish  thousands  of 
men  in  the  State  with  employment  at  good  wages,  and  to  which 
the  general  prosperity  of  the  State  is  largely  due,  would  be  denied 
the  right  to  invoke  such  statutes  when  necessary  to  the  successful 
operation  of  their  business,  or  for  acquiring  rights  of  way  for  the 
transportation  of  ores  from  the  mines  to  the  mills  and  smelters,  or 
for  the  construction  of  tunnels  for  drains,  or  for  necessary  lands 
for  the  deposit  of  tailings;  and  parties  holding  title  to  ground  neces- 
sary and  suitable  for  these  purposes,  which  might  be  entirely  worth- 
less except  for  such  purposes,  would  be  clothed  with  power  to  de- 
mand and  compel  payment  of  unconscionable  prices  for  their  lands 
before  parting  with  the  title,  or  they  could  refuse  absolutely  to  grant 
the  easement  required  on  any  terms,  and  thereby  cripple  mining  en- 
terprises or  destroy  them  altogether.  Courts  may  know  that  such 
a  policy  would  not  only  be  inconsistent  and  unreasonable,  but  would 
greatly  retard  the  development  of  one  of  the  greatest  natural  re- 
sources of  the  State;  and  in  consideration  of  such  facts,  persons  and 
corporations  owning  and  operating  mines  and  mills  for  the  reduction 
of  ores  may,  under  such  statutes,  condemn  land  for  obtaining  water 
for  mining  purposes,  the  construction  of  rights  of  way  for  tunnels, 
flumes,  and  dumping  places  for  tailings,  where  the  statute  makes 
ample  provision  for  the  payment  of  a  fair  price  to  the  owner  for 
lands  sought  to  be  condemned,  as  well  as  for  all  damages  that  he  may 

suffer  because  of  the  appropriation  and  use. 

• 

Qoldfleld  Ck)n80lidated  MiUiDg,  etc.,  Oo.  v.  Old  Sandstrom  Annex  €k)ld  Mining 
Co.  (Nevada),  150  Pacific,  313,  p.  318,  July,  1915. 

Clark  V.  Nash,  108  U.  S.,  361,  25  S.  Ct,  676. 

Strlckley  v.  Highland  Boy  Gold  Mining  Co.,  200  U.  S.,  527,  26  S.  Ct,  801. 

Highland  Boy  Gold  Mining  Co.  v.  Strlckley,  28  Utah,  215 ;  78  Padflc,  296 ; 
107  Am.  St,  711;  1  L.  B.  A.  (N.  S.),  976. 

NBCJESSrTY  OP  COKDEMNATIOK. 

In  a  proceeding  by  a  corporation  operating  a  mill  for  the  reduction 
of  ores  to  condemn  lands  for  the  deposit  of  its  tailings,  the  law  does 
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not  require  that  an  absolute  necessity  should  exist  for  the  identical 
lands  sought  to  be  condemned,  but  it  is  sufficient  if  the  lands  sought 
to  be  used  will  be  of  great  benefit  and  advantage  to  the  mining  in- 
dustry of  the  particular  community ;  that  it  is  necessary  to  condemn 
such  lands  for  the  protection  and  advancement  of  these  interests,  and 
that  the  benefits  arising  therefrom  are  of  paramount  importance  as 
compared  with  the  individual  loss  or  inconvenience  to  the  owner  of 
the  land ;  and  generally  under  such  circumstances  the  discretion  of 
the  corporation  in  the  selection  of  land  for  its  use  will  not  be  ques- 
tioned where  it  acts  in  good  faith  and  not  capriciously. 

€k)ldfield  Ck>nsoUdated  MiUlng,  etc..  Go,  v.  Old  Sandstrom  Annex  Gold  Mining 
Ck).  (Nevada),  150  Pacific,  813,  p.  818,  July,  1915. 

INTEREST  IN  LAND  APPROPRIATED. 

The  statute  of  Nevada  provides  for  the  right  of  eminent  domain 
for  certain  public  uses  and  provides  also  for  the  appropriation  of 
the  fee  of  land,  but  the  statute  does  not  say  that  the  fee  simple  shall 
be  taken,  but  only  that  it  is  subject  to  be  taken,  and  in  condenmation 
proceedings  only  such  an  interest  as  is  necessary  can  be  taken. 

Goldfield  Consolidated  Milling,  etc.,  Ck>.  v.  Old  Sandstrom  Annex  Gold  Mining 
Co.  (Nevada).  150  Pacific,  313,  p.  319.  July,  1915. 

APPROPRIATION  OF  LAND  FOR  DEPOSIT  OF  TAILINGS. 

The  statute  of  Nevada,  section  5606,  Bevised  Statutes,  provides 
that  the  right  of  eminent  domain  may  be  exercised  in  behalf  of  such 
public  uses  as  tunnels,  ditches,  flumes,  pipes,  and  dumping  places  to 
facilitate  the  milling  and  smelting  or  reduction  of  ores  or  the  work- 
ing of  mines  and  for  all  mining  purposes  as  well  as  for  outlets,  natu- 
ral or  otherwise,  for  the  deposit  or  conduct  of  tailings,  refuse,  or 
water  from  mills,  smelters,  or  other  works  for  the  production  of 
ores,  or  from  mines,  milldams,  natural-gas  or  oil  pipe  lines,  tanks, 
or  reservoirs  (statutes  of  1907,  p.  279),  and  under  this  section,  to- 
gether with  sections  2456  and  2458,  a  corporation  engaged  in  mining 
and  milling  and  reducing  by  other  methods  gold,  silver,  and  other 
ores  has  the  right  to  condemn  land  for  the  deposit  of  the  tailings- 
from  its  mills. 

Goldfield  Consolidated  Milling,  etc.,  Co.  v.  Old  Sandstrom  Annex  Gold  Mining 
Co.  (Nevada),  150  Pacific,  313,  p.  316,  July,  1915. 

DEPOSIT  OF  TAILINGS  WITHOUT  LANDOWNER'S  CONSENT — BRIGHT  OF  8TTB- 

8EQUENT  APPROPRIATION, 

A  mining  corporation  engaged  in  milling  and  the  reduction  of 
ores,  depositing  the  tailings  from  the  treatment  of  its  ores  upon  a 
portion  of  its  own  land  lying  in  a  gulch  and  there  conserved  the  same 
for  the  purpose  of  retreatment,  but  where  by  reason  of  high  waters 
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and  floods  large  parts  of  such  tailings  were  washed  down  upon  the 
land  of  an  adjoining  owner,  has  the  right  under  the  statute  of  Ne- 
vada (Bevised  Laws,  sections  2456,  2458,  and  5606)  to  condemn  the 
land  or  a  sufficient  part  thereof  for  a  right  of  way  for  a  tramway- 
for  the  purpose  of  erecting  a  tram  thereon  to  reconvey  such  tailings 
to  its  mill;  and  the  common-law  rule  to  the  effect  that  a  structure 
erected  by  a  tort  feasor  upon  the  lands  of  another  becomes  a  part  of 
the  land  does  not  apply. 

Ooldfield  Ck>nsoUdated  Milling,  etc.,  Co.  v.  Old  Sandstrom  Annex  Gk>ld  Mining 
Ck).  (Nevada),  150  Pacific,  313.  p.  317,  July,  1915. 

APPROPRIATION  OF  SURFACE  OF  MINING  CLAIM. 

The  fact  that  a  tract  of  land  sought  to  be  appropriated  for  de- 
posit of  tailings  by  a  mining  corporation  operating  a  mill  and  reduc- 
tion works  is  a  patented  mining  claim  will  not  defeat  the  proceed- 
ings for  appropriation  where  it  appears  that  the  claim  was  not  in 
fact  being  worked  and  had  not  been  worked  for  several  years;  and 
the  mere  possibility  that  the  land  may  some  time  in  the  future  be 
used  by  the  owner  for  mining  purposes  will  not  prevent  condemna- 
tion of  a  right  of  way  for  a  tramway,  and  especially  where  the  use 
for  which  the  condemnation  is  sought  will  not  interfere  with  the 
operation  of  the  land  as  a  mining  claim. 

Goldfield  Ck>nsolidated  Milling,  etc.,  Ck).  v.  Old  Sandstrom  Annes  Gold  Mining 
Co,  (Nevada),  150  Pacific,  313,  p.  319,  July,  1915. 

MINING  CLAIMS. 

NATUBE  AND  GENEBAL  FEATXTBES. 
NATUBE  or  STATE  STATUTES. 

The  disposition  of  mining  ground  is  wholly  within  the  control  of 
the  Federal  Government,  and  State  statutes  for  regulation  of  the 
location  of  mining  claims  and  for  protection  of  the  possession  thereof 
are  statutes  of  peace  and  repose,  intending  to  prevent  disorder  in 
claiming  and  holding  mining  ground. 

Florence-Rae  Oopper  Oo.  v.  Kimbel  (Washington),  147  Pacific,  881,  p.  884, 
January,  1915. 

METHOD  OF  AOQUIRIKG  CLAIM. 

Congress  has  provided  how  mining  claims  can  be  acquired,  and 
this  may  be  done  by  discovery  of  mineral,  gold,  silver,  or  copper,  and 
the  like,  upon  the  public  lands  and  by  staking  the  same  off  or  mark- 
ing it  upon  the  ground. 

Trinity  Gold  Dredging  &  Hydraulic  Co.  v.  Beaudry,  223  Federal.  739,  p.  741, 
May,  1915. 
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SIONinCANCE  AND  RELATION. 

A  mining  claim  in  its  accepted  significance  relates  to  that  portion 
of  the  public  mineral  land  which  the  miner  takes  up  and  holds  in 
accordance  with  the  mining  law  and  local  statutes  and  regulations, 
for  mining  purposes. 

Trinity  Gold  Dredging  &  HydrauUc  Co.  v.  Beaudry,  223  Federal,  739,  p.  741« 
May,  1015. 
See  United  States  Mining  Statates  Annotated,  179. 

MINING  CLAIM  AS  PBOPEBTT. 

A  mining  claim  when  perfected  is  declared  to  be  property  in  the 

highest  sense  of  the  term,  and  may  be  bought,  sold,  and  conveyed, 

and  will  pass  by  descent. 

Trinity  Gold  Dredging  &  Hydraulic  Co.  v.  Beaudry,  223  Federal,  739,  p.  741. 
May,  1915. 

See  United  States  Mining  Statutes  Annotated,  32,  98,  122,  188,  701. 

Mining  claims  are  property  in  the  fullest  sense  of  the  word,  dis- 
tinct from  the  land  itself,  vendable,  inheritable,  and  taxable. 

Earhart  v.  Powers  (Arizona),  148  Pacific,  286,  p.  287,  May,  1915. 

LOCATION  OV  MIKINa  CLAIM. 
ORIGINAL  OR  RELOCATION— QUESTIOK  OF  FACT. 

Where  a  mining  claim  i$  relocated  as  abandoned  or  forfeited 
gromid,  such  relocation  admits  the  validity  of  the  prior  location, 
and  the  issue  is  whether  the  prior  locator  has  lost  his  right  by  for- 
feiture or  by  abandonment ;  but  where  a  subsequent  locator  bases  his 
right  upon  the  contention  that  the  prior  locator  never  made  a  valid 
location  under  the  law,  then  he  is  not  relocating  a  forfeited  or 
abandoned  claim,  but  is  making  an  original  location  of  a  claim,  the 
prior  attempt  at  which  was  invalid.  In  such  case  the  issue  is  not 
whether  the  prior  locator  has  lost  a  possessory  right  onoe  legally 
established,  but  whether  the  prior  locator  ever  established  a  legal 
right;  and  the  Arizona  statutes  of  1901,  paragraph  8241,  has  no 
application,  and  it  not  only  would  not  be  proper  for  the  new  lo- 
cator to  state  in  his  location  notice  that  he  located  the  claim  as 
abandoned  property^  but  such  statement  if  made  would  preclude 
him  from  contesting  the  question  as  to  the  validity  of  such  prior 
location,  the  very  fact  or  point  he  denies. 

Copper  Queen  Ck)iisolidated  MlDlng  Co.  v.  Stratton  (Arizona),  149  Padflc, 
889,  p.  892,  June,  1915. 

See  Cunningham  v.  Pirrung,  9  Arizona,  288,  p.  298;  80  Pacific,  SSO. 

LOCATION  OF  ABANDONED  CLAIMS. 

When  mineral  ground  has  once  been  segregated  from  the  public 
domain  by  a  valid  mining  location,  and  thereafter  reverts  to  the 
public  domain  by  reason  of  the  abandonment  or  forfeiture  of  the 
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location  by  the  first  locator,  a  subsequent  locator  of  such  abandoned 
or  forfeited  ground  so  opened  to  location  acquires  no  rights  thereto 
unless  he  located  such  ground  as  abandoned  property  and  such 
ground  can  not  be  otherwise  located  by  any  one. 

Copper  Queen  GonsoUdated  Mining  Co.  v,  Stratton  (Arizona),  148  Pacific, 
889.  p.  391,  June,  1915. 

OVERLAPPING  LOCATION — ^EFFECT  AND  VALIDITY. 

The  acts  of  a  second  locator  in  locating  his  claims,  so  far  as  they 
overlap  or  conflict  with  existing  claims,  are  ineffectual  for  the  pur- 
pose of  vesting  any  right  thereto  in  such  locator  unless  there  had 
been  an  abandonment  of  such  existing  claims  or  a  forfeiture  of  the 
rights  of  the  first  locator  by  reason  of  the  failure  to  do  the  annual 
assessment  work  for  the  year. 

Musser  v.  Fitting  (GaUfprnia  Appeals),  148  Pacific,  636,  p.  537,  March,  1915. 

VALID  LOCATION   AS  PRIMA  FACIE  TITLE. 

The  performance  of  the  annual  labor  on  a  mining  claim  is  i^ot 
necessary  except  to  protect  the  rights  of  the  locator  against  parties 
seeking  to  initiate  title  to  the  same  premises;  and  as  against  an 
attempted  subsequent  location  the  original  locator  makes  a  prima 
facie  case  by  showing  a  valid  location. 

Lancaster  v,  Coale  (Colorado  Appeals),  150  Pacific,  821,  July,  1915. 
See  United  States  Mining  Statutes,  Annotated,  250. 

LOCATION  NOTICE  AND  CBBTIFICATE. 
LOCATION  NOTICE — CONTENTS. 

The  requirements  as  to  the  contents  of  the  location  notice  of  a 
mining  claim  as  provided  for  by  section  7359  of  the  statutes  of 
Washmgton  (Remington  and  Ballinger  Code),  applies  only  to  an 
original  or  new  location  and  does  not  apply  as  to  the  contents  of  a 
relocation  notice  under  section  7365. 

Florence-Rae  Copper  Co.  v.  Kimbel  (Washington),  147  Pacific,  881,  p.  884, 
January,  1915. 

OBJECTS  AND  SUFTICIENCT. 

I 

The  objects  and  functions  of  a  location  notice  do  not  extend  to 
conferring  full  title  to  mining  properties,  and  such  a  notice  differs 
from  the  ordinary  documentary  muniments  of  title  in  that  it  is  not 
a  title  nor  proof  of  title,  nor  does  it  constitute  or  of  itself  establish 
the  possessory  right  to  which  it  relates.  It  is  purely  a  creature  of 
the  statute  and  its  purposes  and  functions  are  twofold:  1.  When 
duly  recorded  it  becomes  notice  to  the  world  of  the  facts  therein  set 
forth  and  is  constructive  notice  of  the  claimant's  possession.    2.  It 
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is  by  statute  made  one  of  the  steps  requisite  to  constitute  a  perfected 
mining  location. 

Copper  Queen  Consolidated  Mining  Co.  v,  Stratton  (Arizona),  149  Pacific, 
389,  p.  393,  June,  1915. 

OBIGINAL  OR  REIX>CATION — ^ABANDONED  PROPERTY. 

Before  its  amendment  paragraph  3241  of  the  Revised  Statutes  of 
Arizona,  1901,  provided  that  if  a  location  was  made  on  abandoned 
property  the  location  notice  should  state  such  fact,  but  the  statute 
never  required  the  location  notice  of  an  original  location  to  so  state, 
nor  did  it  require  the  locator  of  open,  unappropriated,  public  min- 
eral land  to  so  state  in  his  location  notice  when  he  located  the  same 
as  an  original  location  and  not  as  abandoned  or  forfeited  property, 
though  the  ground  was  actually  abandoned  and  forfeited  at  the  time 
of  the  controverted  location. 

Copper  Queen  Consolidated  Mining  Co.  v.  Stratton  (Arizona),  149  Pacific, 
389,  p.  392,  June,  1915. 

POSTING    AND    RECX)RDING — ^PURPOSE    AND    TTTUB. 

The  object  of  posting  and  recording  mining  notices  is  to  protect 
a  locator  and  give  him  an  opportunity  to  develop  the  property, 
obtain  the  ore,  and  eventually  to  get  title  to  the  land  where  he 
continues  the  improvements  to  a  sufficient  extent ;  and  a  locator  must 
rely  upon  his  own  right  or  title  and  can  not  strengthen  the  same  by 
tacking  on  stale  claims  of  other  persons. 

Richen  v.  Davis  (Oregon),  148  Pacific,  1180,  p.  1132,  May,  1915. 

POSTING  AND  RECORDING  AS   STEPS  TO  LOCATION. 

A  location  notice  or  certificate  containing  all  the  matters  provided 
for  by  paragraph  3232  of  the  Revised  Statutes  of  Arizona,  1901,  and 
recorded  within  90  days  after  the  commencement  of  the  location 
as  required  by  paragraph  3234  of  these  statutes,  is  constructive  notice 
of  the  location ;  and  when  posted  on  the  claim  as  required,  together 
with  the  recording,  it  is  one  of  the  steps  requisite  to  constitute  a 
perfected  mining  location  and  thereby  perforins  the  functions  for 
which  the  law  intended  it  to  serve. 

Copper  Queen  Consolidated  Mining  C!!o.  v,  Stratton  (Arizona),  149  Pacific, 
389,  p.  393,  June,  1915. 

AMENDMENT. 

A  location  notice  if  defective  when  posted  and  recorded,  because 
it  fails  to  contain  the  statutory  recitals  required  by  section  3241  of 
the  Bevised  Statutes  of  Arizona,  1901,  is  not  void  but  voidable  only, 
and  is  subject  to  amendment  under  section  3238  of  the  statute.    This 
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right  of  amendment  is  based  on  the  fact  that  a  full,  complete,  and 
unimpeachable  certificate  can  not  be  made  without  the  aid  of  a  sur- 
veyor, and  persons  familiar  with  the  making  of  mining  locations 
know  that  usually  the  first  record  is  imperfect,  and  recognizing  these 
difficulties  it  is  not  the  policy  of  the  law  to  avoid  a  location  for 
defects  in  the  notice,  but  rather  to  give  the  locator  an  opportimity 
to  correct  his  records  whenever  defects  are  discovered. 

Copper  Queen  GonsoUdated  Mining  Ck).  v.  Stratton  (Arizona),  149  Pacific, 
880,  p.  303,  Jane,  1015. 

DISCOVEBY. 
LOCATION  WITHOUT  DISCOVERY — ^BrFECT  AND  VALUE. 

A  mining  location  under  the  United  States  statutes,  without  dis- 
covery of  minerals,  can  not  be  said  to  be  totally  invalid  and  of  no 
effect,  as  the  title  by  such  location  and  possession  is  good  as  against 
every  person  contending  against  it,  except  the  Government  of  the 
United  States;  and  a  transfer  of  such  a  location  gives  the  transferee 
the  right  to  proceed  to  prosecute  work  with  a  view  of  making  a  dis- 
covery of  oil  and  such  possession  can  not  be  disturbed  by  strangers, 
and  is  good  and  the  right  to  such  possession  is  sufficient  as  a  con- 
sideration for  a  lease. 

HuUinger  v.  Big  Sespe  Oil  Co.  (California),  151  Pacific,  360,  p.  370,  Au- 
gust, 1015. 

APEX  OF  VEIN. 
DETINinON. 

An  apex  of  a  vein  is  that  part  or  portion  of  the  terminal  edge  of  a 
vein  from  which  the  vein  has  extension  downward  in  the  direction 
of  the  dip  and  the  definition  involves  the  elements  of  termmal  edge 
and  downward  course  therefrom;  but  the  locality  of  the  terminal 
edge  is  a  question  of  fact  and  the  downward  course  of  a  vein  has  no 
significance  whatever  independently  of  the  terminal  edge  of  the  vein. 

Stuart  Mining  Co.  v.  Ontario  Mining  Co.,  237  U.  S.  350,  p.  360,  April,  1015. 

EXTBAIiATEBAL  BIGHTS. 
STBIKE  AND  DIP  OF  VEIN. 

The  United  States  mining  statutes,  section  2322,  calls  for  no  effort 
of  construction,  and  the  distinction  which  obtains  in  the  parlance  of 
miners  and  in  the  cases  between  the  strike  or  course  and  the  dip  of 
a  vein,  is  compelled  by  the  statute  and  marks  accurately  the  linear 
and  extralateral  rights  of  a  location  and  the  language  of  the  section 
expresses  the  distinction  which  can  be  observed,  and  the  strike  and 
the  dip  of  the  vein  must  not  be  confounded  nor  the  rights  dependent 
upon  them  confused. 

Stuart  Mining  Co.  v.  Ontario  Mining  Co.,  237  U.  S.,  350,  p.  353,  April,  1015. 
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RIGHT  TO  FOLLOW  VEIN  THROUGH  BIDE  LINES. 

The  locator  of  a  mining  claim  under  section  2322  of  the  United 
States  Revised  Statutes  has  the  right  to  the  surface  within  the  lines 
of  his  claim,  and  if  a  vein  has  its  top  or  apex  within  the  claim  he  may 
follow  such  vein  downward,  though  it  depart  from  a  perpendicular  in 
its  downward  course  outside  the  vertical  side  lines  of  his  location  in 
the  adjoining  ground. 

Stuart  Mining  Co.  v.  Ontario  Mining  Co.,  237  U.  S.,  350,  p.  352,  April,  1915. 
See  United  States  Mining  Statutes  Annotated,  133. 

VEIN  APEXING  WrTHIN  LOCATION— QUESTION  OF  TACT. 

The  locator  or  owner  of  a  mining  claim  in  seeking  to  recover  thp 
value  of  ore  bodies  taken  and  appropriated  by  another  on  a  vein  out- 
side the  vertical  planes  of  the  complaining  locator  must  show  that 
the  vein  from  which  the  ores  was  alleged  to  have  been  taken  had  its 
apex  within  the  surface  boundaries  of  the  lines  of  his  location  and 
that  his  is  the  senior  location ;  but  where  the  court  or  jury  trying  the 
case  foimd  as  a  fact  that  the  particular  vein  from  which  the  ore  was 
taken  as  complained  of  did  not  apex  in  the  claim  of  the  complaining 
locator,  a  court  on  appeal  can  not  say  as  a  matter  of  law  that  the 
complaining  locator  is  entitled  to  recover  such  ore  bodies,  as  in 
such  case  the  essential  fact  for  the  purpose  of  his  recovery  is  de- 
termined against  him. 

Stuart  Mining  Ck).  v.  Ontario  Mining  Ck>.,  237  U.  S.,  350,  p.  358,  April,  1915. 

RIGHT   TO    FOLLOW    VEIN — PLIABILITY    FOR   TRESPASS — ^AGREEMENT   AS  TO 

LOCATION. 

In  an  action  by  the  owner  of  a  mining  claim  against  the  owner  of 
an  adjoining  claim  to  recover  the  value  of  ores  alleged  to  have  been 
taken  by.  the  defendant  from  veins  apexing  in  the  plaintiff^s  claim 
and  extending  on  their  dip  outside  of  the  vertical  side  lines  of  his 
claim  the  plaintiff  alleged  that  he  was  in  possession  and  entitled  to 
the  possession  of  such  named  veins  throughout  their  entire  depth, 
but  that  the  defendant,  without  right,  entered  upon  such  veins,  ousted 
the  plaintiff  therefrom,  and  has  ever  since  held  and  continues  to  hold 
possession  thereof  and  has  extracted  therefrom  ores  of  a  stated  value. 
In  such  action  a  stipulation  and  an  agreement  by  which  the  issue  of 
title  and  ownership  and  right  of  possession  of  the  veins  and  ores 
in  controversy  shall  be  alone  tried  and  determined,  and  the  issue  of 
damages  shall  be  reserved  for  further  trial  and  proceedings,  must 
be  held  to  relate  only  to  the  title  and  right  to  possession  of  the  ore 
in  the  particular  veins  mentioned  by  name  in  the  plaintiff's  complaint 
and  petition  and  put  in  issue  by  the  pleading;  and  in  a  subsequent 
trial  for  damages  the  defendant  is  entitled  to  prove,  as  against  the 
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claim  for  damages,  that  a  large  portion  of  the  ore  in  controversy 
which  was  taken  from  his  claim  was  from  other  veins  that  did  not 
apex  in  plaintiff's  claim  and  for  which  he  could  not  be  required  to 
accoimt  to  the  plaintiff,  and  the  defendant  was  not  estopped  by  the 
trial  and  judgment  in  the  former  case  as  to  the  title  from  litigating 
the  question  of  the  amount  and  value  of  the  ores  extracted  from  the 
veins  named  in  the  plaintiff's  complaint  and  petition. 

Work  Mining  &  MUUng  Co.  v.  Doctor  Jack  Pot  Mining  Co.,  222  Federal,  216, 
February,  1915. 

OWNERSHIP  OF  ORES  AT  INTERSECTION  OP  VEINS. 

The  owner  of  a  senior  location  owns  all  the  ore  in  a  vein  apexing 
within  his  location  and  owns  all  the  ore  at  the  point  of  intersection 
of  his  vein  and  a  vein  apexing  in  the  junior  location  and  is  not  sub- 
ject to  the  charge  of  being  a  trespasser  while  extracting  and  remov- 
ing the  ore  at  such  point  of  intersection. 

Esselstyn  v.  United  States  Gold  Corporation  (Colorado),  149  Pacific,  93,  p.  95, 
June,  1915. 

ASSESSMEKt  WOBX. 
EXPENSES  INCtTRRED  IN   MOVING  MACHINERY. 

The  expenses  of  getting  heavy  machinery  to  a  mining  claim  and 
a  mine  thereon  which,  when  in  use,  will  tend  to  the  development  of 
the  claim  will  be  allowed  on  the  annual  assessment  work  on  such 
claim,  although  the  machinery  and  expenses  incurred  are  not  within 
the  boundaries  of  the  claim. 

Florence-Rae  Copper  Co.  v.  Kimbel  (Washington),  147  Pacific,  881,  p.  885, 
January,  1915. 

WORK  DONE  BY  STOCKHOLDERS  FOR  OORPORATION. 

Work  done  by  stockholders  for  a  mining  corporation  and  em- 
ployees engaged  by  them  for  a  corporation  owning  mining  claims 
is  a  sufficient  performance  of  assessment  work,  as  the  stockholder  has 
such  an  equitable  and  beneficial  interest  in  the  property  by  reason  of 
which  the  assessment  work  done  by  him  inures  to  the  benefit  of  the 
corporation  and  prevents  a  forfeiture. 

Florence-Rae  Copper  Co.  v,  Kimbel  (Washington),  147  Pacific,  881,  p.  885, 
January,  1915. 
Mosser  v.  Fitting  (CaUfornia  AppeaU),  148  Pacific,  586,  p.  687,  March,  1915. 

RESUMPTION  AND  PERFORMANCE — NATURE  OF  IMPROVEMENTS, 

The  penalty  for  failure  to  comply  with  the  requirements  of  the 
United  States  statutes  in  respect  to  the  performance  of  annual  labor 
is  that  the  location  shall  be  opened  to  relocation  in  the  same  manner 
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as  if  no  location  had  ever  been  made ;  but  if  the  original  locator  has 
i*esiimed  work  and  is  in  good  faith  engaged  in  the  performance  of 
the  assessment  work,  the  claim  is  not  subject  to  relocation.  It  is  suffi- 
cient in  the  performance  of  such  work  and  the  making  of  improve- 
ments that  engines,  wire  cables,  and  labor  used  in  moving  and  in- 
stalling the  same  were  intended  primarily  for  the  development  and 
operation  of  the  claim,  though  they  were  to  be  secondarily  used  for 
the  purpose  of  aiding  and  constructing  a  railway  that  was  itself  in- 
tended to  be  an  aid  and  cooperator  with  the  mining  claims. 

Florence-Rae  Copper  CJo.  i?.  Kimbel  (Washington),  147  Pacific,  881,  p.  884, 
January,  1915. 

RESITMFTION  WHEN  BELOCATOR  FAILS  TO  PERFORM  ASSESSMENT  WORK. 

The  failure  of  a  locator  of  a  mining  claim  to  perform  the  assess- 
ment work  required  by  statute  withih  the  year  renders  the  claim 
subject  to  relocation;  but  the  fact  that  another  subsequently  enters 
upon  and  attempts  to  relocate  the  claim  and  himself  fails  to  perform 
the  assessment  work  for  the  succeeding  year  does  not  prevent  the 
original  locator  from  resuming  work  on  the  claim  and  thereby 
saving  the  claim  from  further  relocation,  as  it  is  against  intervening 
rights  only  that  the  original  locator  can  resume  work  and  resuscitate 
his  possessory  rights. 

Rlchen  v,  Davis  (Oregon),  148  Pacific,  1130,  p.  1132,  May,  1915. 

RBSUMFnON    PREVENTS   RELOCATION. 

The  fact  that  the  locator  of  a  placer-mining  claim  cleared  and 
burned  the  brush  and  debris  thereon  for  the  purpose  of  dredging  tiie 
claim  may  be  taken  as  a  fair  indication  of  the  good  faith  of  the 
locator  in  maintaining  the  claim,  and  together  with  the  money  ex- 
pended in  the  same  direction  negatives  any  intent  to  abandon  the 
mining  claim,  and  where  it  shows  a  resumption  of  the  required 
labor  it  will  defeat  an  attempted  subsequent  relocaticm. 

Richen  v.  Davis  (Oregon),  148  Pacific,  1130,  p.  1133,  May,  1915. 

NATURE  AND  PROOF  OF  FERFORHANGB. 

The  more  profitable  and  practical  way  of  extracting  mineral  from 
placer  mining  claim  is  by  means  of  a  dredge,  and  in  order  to  do 
so  it  is  absolutely  necessary  to  clear  off  the  brush  and  timber;  and 
where  the  surface  of  a  placer  claim  was  covered  witti  a  thick  growth 
of  brush,  with  some  larger  timber,  considerable  d^ris  which  had 
been  deposited  by  a  river  during  high  water,  and  the  labor  per- 
formed in  clearing  the  surface  of  such  brush,  timber,  and  debris 
may  properly  be  included  as  annual  assessment  work  on  the  mining 
claim  that  will  prevent  a  forfeiture  and  relocation  of  the  claim. 

Rlchen  v.  Davis  (Oregon).  148  Pacific,  1130,  p.  1131,  May.  1915. 
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STATUTORY  AFFIDAyiT  AS  PRIMA  FACIE  PROOF. 

The  affidavit  provided  by  section  1426m  of  the  Civil  Code  of  Cali- 
fornia constitutes  prima  facie  evidence  of  the  performance  of  the 
annual  assessment  work  upon  a  mining  claim;  and  if  such  prima 
facie  case  is  not  overcome  by  proof,  then  the  fact  of  the  performance 
of  the  assessment  work  must  be  taken  as  established. 

Musser  v.  Fitting  (California  Appeals),  14S  Pacific,  536,  p.  536,  March,  1916. 

FOBFEITTTBE. 
WHAT  CONSTITUTES  AND  WHAT  PREVENTS. 

The  term  "forfeiture"  does  not  appear  in  the  United  States 
statutes  providing  for  the  relocation  of  mining  claims;  but  tlie 
courts  employ  the  term  as  a  comprehensive  word  indicating  a  legal 
result  flowing  from  a  breach  of  condition  subsequent,  subject  to 
which  the  locator  acquires  his  title;  but  courts  do  not  incline  to 
the  enforcement  of  this  class  of  penalties,  and  a  forfeiture  of  a 
mining  claim  does  not  ensue  from  the  mere  failure  to  comply  with 
the  law,  but  it  requires  the  intervention  of  a  third  person  and  a 
relocation  of  the  ground  before  any  forfeiture  can  arise,  and  when 
thereby  such  forfeiture  becomes  effectual  the  estate  of  the  original 
locator  is  hopelessly  lost,  and  there  is  no  possibility  of  its  being  re- 
stored. The  reason  of  this  rule  is  that  the  resumption  of  the  annual 
assessment  work  at  any  time  prior  to  the  lawful  inception  of  an  in- 
tervening right  prevents  a  forfeiture. 

Florence-Rae  Copper  Co.  v.  Kimbel  (Washington),  147  Pacific,  881,  p.  885, 
January,  1915. 

DEGREE  AND  BtTRDEN  OF  PROOF. 

A  person  seeking  to  avail  himself  of  the  failure  of  a  preceding 
locator -to  comply  with  the  law  in  order  to  secure  a  relocation  of  a 
mining  claim  must  establish  such  failure  by  clear  and  convincing 
proof,  and  a  court  will  construe  a  mining  regulation  or  custom  so 
as  to  defeat  a  forfeiture,  if  it  can,  and  every  reasonable  doubt  will 
be  resolved  in  favor  of  the  validity  of  a  mining  claim  as  against  the 
assertion  of  a  forfeiture.  The  burden  of  establishing  a  forfeiture 
rests  upon  the  party  charging  it  or  claiming  benefits  by  reason  of  an 
alleged  forfeiture. 

Florence-Rae  Copper  Co.  v.  Kimbel  (Washington),  147  Pacific,  881,  p.  885, 
January,  1915. 
Musser  v.  Fitting  (California  Appeals),  148  Pacific,  536,  p.  537,  March,  1915. 
Richen  v,  Davis  (Oregon),  148  Pacific,  1130,  p.  1131,  May,  1915. 

12317**— Bull.  113—16 3 


84  MIKING  DECISIONS. 

FAILUSE'  to  perform  assessment  work — PROOF. 

In  order  to  establish  the  forfeiture  of  a  mining  claim  it  must  be 
shown  by  clear  and  convincing  proof  that  the  former  locator  or  owner 
failed  to  have  the  work  performed  or  the  improvements  made  as  re- 
quired by  statute,  as  forfeitures  are  not  favored  in  such  cases. 

Richen  v,  Davis  (Oregon),  148  Pacific,  1130,  p.  1131,  May,  1915. 

ASSESSMENT  WORK  PERFORMED  BT  GOOWNER — ^FORFETTURE. 

The  only  labor  or  improvement  required  by  section  2324  of  the 
United  States  Bevised  Statutes  which  will  entitle  a  coowner  doing 
the  work  or  making  the  improvement  to  forfeit  a  delinquent  co- 
owner's  interest  is  the  expenditure  of  the  full  sum  required  by  the 
statute,  and  this  is  not  less  than  $100  for  each  claim.  The  expendi- 
ture required  by  the  statute  for  175  mining  claims  for  one  year  would 
be  $17,500  and  for  two  years  $35,000 ;  and  an  expenditure  of  $5,600 
by  one  coowner  upon  the  175  mining  claims  will  not  authorize  such 
coowner  to  forfeit  the  interest  of  a  coowner  that  fails  to  contribute. 

Pack  17.  Thompson,  223  Federal,  635,  p.  637,  May,  1015. 

SUFFICIENCT  OF  NOTICE  TO  COOWNER. 

A  notice  by  coowners  professing  to  perform  assessment  work  on 
mining  claims  held  in  common  to  another  coowner  is  not  sufficient  to 
forfeit  the  interest  of  the  noncontributing  coowner  where  it  con- 
dusively  appears  from  the  notice  that  only  a  small  portion  of  the 
assessment  work  required  by  the  statute  had  been  performed,  for 
the  reason  that  the  notice  shows  that  all  the  assessment  work  had  not 
been  performed  and  the  mining  claims  were  then  subject  to  reloca- 
tion, and  no  interest  was  saved  by  a  partial  compliance  witfi  the 
statute. 

Pack  V.  Thompson,  223  Federal,  635,  p.  63S,  May,  1915. 

FORFEIT  UKE  PROCEEDINGS  ENJOINED. 

Where  several  coowners  of  175  mining  claims  owned  in  common 
served  notice  on  one  coowner  for  the  purpose  of  forfeiting  his  interest 
for  failure  to  contribute  where  the  amount  stated  was  less  than  the 
required  statutory  amount  for  all  the  claims,  and  where  the  same 
coowners  served  another  notice  on  such  other  coowner  for  failure  to 
contribute  his  part  of  the  assessment  work  of  $1,200  expended  by 
them  on  12  claims,  the  same  being  a  part  of  the  $5,600  mentioned  in 
the  other  notice,  and  the  12  claims  being  a  part  of  the  175  claims 
described  in  the  other  notice,  the  notices  are  so  inconsistent,  defective, 
and  insufficient,  and  one  notice  so  discredits  the  other  that  it  will 
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justify  a  court  of  equity  in  suspending  by  temporary  injunction  the 
forfeiture  proceedings  until  the  actual  facts  can  be  ascertained  and 
the  questions  involved  determined  upon  the  merits. 

Pack  V.  Thompson,  223  Federal,  641,  May,  1915. 

ABANDONMENT. 
INTENT. 

Abandonment  of  a  mining  claim  is  a  question  of  intent. 
Rlchen  v.  Davis  (Oregon),  148  Pacific,  1130,  p.  1132,  May,  1915. 

WHAT  CONSTITDTES — KNOWLEDGE  OF  REIX>CATOR. 

Where  it  appears  that  several  thousand  dollars  had  been  expended 
in*  furnishing  and  moving  engines  and  other  material  and  in  build- 
ing and  improving  trails  and  roads  for  the  better  development  of  a 
mining  claim  and  the  mine  thereon,  commencing  as  early  as  May  and 
continuing  without  interruption  until  July  of  the  year  following, 
this  is  sufficient  not  only  to  show  a  performance  of  the  assessment 
work  but  also  to  show  that  the  locator  had  no  intention  of  abandoning 
the  mining  claim ;  and  a  person  in  the  employ  of  the  locator  assisting 
by  his  labor  in  the  performance  of  such  assessment  work  and  know- 
ing the  precise  situation  and  boundaries  of  the  mining  claim  can  not 
make  a  valid  relocation  of  such  mining  ground. 

Florence-Rae  Copper  Co.  v.  Klmbel  (Washington),  147  Pacific,  881,  p.  884, 
January,  1915. 

BELOCATION. 

SINKING    NEW    DISCOVERY    SHAFr — ^APPLICATION     OF    STATUTE. 

That  portion  of  section  7365  of  the  statute  of  Washington  (Rem- 
ington and  Ballinger  Code)  that  refers  to  the  sinking  of  a  new  dis- 
covery shaft  on  a  relocated  claim  does  not  apply  to  mining  claims 
west  of  the  sunmiit  of  the  Cascade  Mountains. 

Florence-Rae  Copper  Co.  v.  Klmbel  (Washington),  147  Pacific,  881.  p.  883, 
January,  1915. 

SUFFICIENCY   OF    NOTICE. 

Under  the  statute  of  Washington  (Remington  and  Ballinger  Code, 
section  7365)  the  relocation  of  a  forfeited  or  abandoned  lode  claim 
can  only  be  made  by  sinking  a  new  discovery  shaft  and  fixing  new 
boundaries,  the  same  as  in  the  original  location;  or  in  lieu  of  the 
new  discovery  shaft  the  relocator  may  sink  the  original  discovery 
shaft  10  feet  deeper  and  erect  new  or  renew  the  old  monuments, 
and  the  relocation  certificate  must  state  whether  the  whole  or  any 
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part  is  located  as  abandoned  property ;  and  under  this  statute  a  re- 
location certificate  is  insufficient  if  it  fails  to  state  that  the  new  lo- 
cation was  located  as  ^^  abandoned  property.'^  The  fact  that  the 
mining  claim  had  been  forfeited  does  not  relieve  the  relocaior 
from  the  necessity  of  stating  in  his  certificate  that  the  ground  was 
located  as  abandoned  property,  as  the  words  ^^  abandoned ''  and 
"  forfeiture  "  in  the  statute  are  used  synonymously  and  interchange- 
ably, and  the  word  '^  abandoned "  in  the  latter  part  of  the  section 
includes  both  the  terms  "  forfeiture  "  and  "  abandoned "  as  used  in 
the  first  part  of  the  section. 

Florence-Rae  Copper  Co.  v.  Klmbel  (Washington),  147  Pacific,  881,  p.  883, 
January,  1914. 
See  Clason  i;.  Matko,  223  U.  S.,  646. 

sumciENcr  of  posted  notice. 

The  provision  of  section  7365  of  the  statutes  of  Washington  (Rem- 
ington and  Ballinger  Code),  to  the  effect  that  a  location  certificate 
shall  contain  a  statement  as  to  whether  the  ground  is  located  in  whole 
or  in  part  upon  forfeited  or  abandoned  ground,  obviously  and  neces- 
sarily refers  to  the  notice  to  be  posted  upon  the  ground,  and  a 
posted  notice  that  fails  to  contain  this  statement  is  insufficient. 

Florence-Rae  Copper  Co.  v.  Kimbel  (Washington),  147  Pacific,  881,  p.  884, 
January,  1915. 

BURDEN   OF    PROOF — ^PERFORMANCE    OF   ASSESSMENT   WORK. 

Where  a  valid  mining  location  is  made  the  title  thus  acquired  re- 
mains SO  whether  the  annual  assessment  work  is  performed  or.  not, 
until  forfeited  or  abandoned ;  and  a  party  seeking  to  initiate  a  claim 
to  the  mining  premises  already  legally  located  must  prove  that  the 
annual  labor  thereon  has  not  been  performed  in  order  to  establish 
the  fact  that  the  ground  so  located  is  subject  to  relocation. 

Lancaster  v,  Coale  (Colorado  Appeals),  150  Pacific,  821,  July,  1915. 

GROUND  LOCATED   AS  ABANDONED   PROPERTT. 

While  mineral  lands  revert  to  the  public  domain  by  abandonment 
or  forfeiture  of  a  valid  location,  yet  its  character  is  so  changed  by  the 
original  location  so  that  after  such  reversion  it  can  not  be  relocated 
as  other  mineral  lands  of  the  public  domain,  but  requires  a  different 
form  of  location  notice,  stating  a  fact,  preserving  this  peculiar  char- 
acter derived  from  the  prior  location,  and  giving  notice  to  the  world 
that  the  ground  was  of  that  character  of  the  public  domain  when  the 
subsequent  location  was  commenced. 

Copper  Queen  Consolidated  Mining  Co.  v.  Stratton  (Arizona),  149  Pacific, 
389,  p.  391,  June,  1915. 
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BELOCATIOK    ON   ABANDONED   OR   FORFEITED   GROUND. 

The  only  restraint  the  statute  of  Arizona  (Civil  Code,  1901, 
paragraph  3241)  places  upon  the  relocation  of  mineral  lands  after  an 
original  location  has  been  made  is  such  as  prevents  the  relocator,  by 
his  relocation,  from  depriving  the  former  locator  of  any  of  his 
rights;  but  where  all  the  rights  of  the  original  locator  have  been 
abandoned  or  forfeited  and  no  claim  of  such  right  is  asserted  by  any 
proper  person,  and  the  contesting  parties  concede  that  all  rights 
existing  by  reason  of  such  prior  location  ceased  to  exist  before  the 
attempted  relocation,  then  the  ground  was  open  to  relocation  in  the 
same  manner  as  if  no  location  had  ever  been  made,  and  the  ground 
at  such  time  was  in  character  open,  unappropriated  public  mineral 
land  subject  to  location  in  the  same  manner  as  if  it  had  never  been 
located,  and,  being  of  such  character,  a  location  made  in  such  manner 
as  an  original  location  is  required  to  be  made  was  effective  as  such, 
and  its  validity  can  not  be  questioned  upon  the  same  grounds  that  a 
location  upon  ground  that  had  theretofore  been  the  subject  of  loca- 
tion can  be  questioned;  and  a  valid  location  of  such  ground  can  be 
made  without  the  locator  stating  whether  the  whole  or  any  part 
thereof  was  located  as  abandoned  property,  as  such  locator  or  relo- 
cator was  not  in  fact  locating  the  ground  as  abandoned  property,  but 
was  locating  it  in  the  same  manner  as  other  public  mineral  ground 
is  located — ^that  is,  as  an  original  location;  and  to  complete  such 
an  original  location  the  law  does  not  require  the  locator  to  state  in 
his  location  notice  whether  the  whole  or  any  part  of  the  location 
was  located  as  abandoned  property. 

Copper  Queen  GonsoUdated  Mining  Ck).  v.  Stratton  (Arizona),  140  Pacific, 
389,  p.  882,  June,  1915. 

FOSSESSOBY  BIGHTS. 
ACQUIBED  BY  VIKTUB  OF  LOCATION, 

The  title  and  rights  acquired  by  virtue  of  a  valid  location  of  a 
lode  mining  claim  upon  the  public  domain  are  subject  to  the  para- 
mount title  of  the  United  States  to  the  lands  upon  which  such  claims 
may  be  located,  and  such  right  may  be  forfeited  by  a  failure  to  per- 
form conditions  imposed  by  the  Government  for  holding  property ; 
but  this  possessory  right,  with  the  enjoyment  incident  thereto,  called 
a  mining  claim,  is,  after  the  acquisition  of  the  title  to  the  land  on 
which  is  located  by  a  patent  from  the  Government,  called  a  mine. 

Earhart  v.  Powers  (Arizona),  148  Pacific,  286,  p.  287,  May,  1915. 

€X>KDrnONS — ^PERFORMANCE  OF  ASSESSMENT  WORK. 

The  right  of  continuous  occupation  of  a  mining  claim  properly 
located  under  the  statute  may  be  maintained  by  keeping  up  the  as- 
sessment work  prescribed  by  law ;  and  this  may  be  done  without  in- 
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curring  the  obligation  toward  the  Government  of  buying  and  pay- 
ing for  the  same ;  and  when  a  person  entitled  to  the  benefit  of  the 
statute  has  made  a  location  in  accordance  therewith  and  has  gone  into 
possession  of  the  same,  he  is  said  tfi  be  the  owner  and  in  the  possession 
of  the  mining  claim  thus  located. 

Trinity  Gold  Dredging  &  Hydraulic  Co.  v.  Beaudry,  223  Federal,  739,  p,  741, 
May,  1915. 

POSSESSION — ^PARAMOUNT  TITLE. 

Congress  has  by  statute  provided  for  the  existence  of  an  exclusive 
right  to  the  possession  of  a  mining  claim,  while  the  paramount  title 
to  the  land  remains  in  the  United  States,  and  this  right  of  possession 
is  made  separable  from  the  fee  and  a  perfected  location  has  the  effect 
of  a  grant  by  the  United  States  of  the  right  of  present  and  exclusive 
possession. 

Trinity  Gold  Dredging  &  Hydraulic  Co.  v,  Beaudry,  223  Federal,  739,  p.  742, 
May,  1915. 
See  United  States  Mining  Statutes  Annotated,  114. 

SALE  AND  TSANSFEB. 
MODE  OF  CONVEYANCE. 

The  usual  mode  of  conveyance  of  a  mining  claim  is  by  deed. 

Trinity  Gold  Dredging  &  Hydraulic  Co.  v.  Beaudry,  223  Federal,  739,  p.  741, 
May,  1915. 
See  United  States  Mining  Statutes  Annotated,  124.  188. 

AGREEMENT  TO  CONVEY — ^POSSESSORY  TITLE. 

An  agreement  by  which  one  party  is  given  the  option  to  purchase 
certain  mines  and  mining  claims  designated  by  name,  of  which  a  cer- 
tain number  were  described  as  patented,  another  certain  number  as 
unpatented,  and  others  as  having  receiver's  receipts  issued,  must  be 
construed  as  dealing  with  the  possessory  title  as  to  all  unpatented 
claims  and  as  binding  the  obligor  to  convey  his  possessory  title  and 
right,  especially  in  view  of  the  fact  that  the  purchasing  party  was  to 
pay  all  expenses,  fees,  and  costs  in  connection  with  contests  in  the 
land  office  and  was  to  perform  the  annual  assessment  work  and  im- 
provements on  all  unpatented  claims;  and  a  stipulation  that  the  final 
conveyance  should  be  by  deed  was  intended  that  the  conveyance 
should  be  of  the  mining  claims  as  such,  and  not  of  the  ultimate  title 
to  the  land  known  to  the  parties  to  rest  in  the  General  Government. 

Trinity  Gold  Dredging  &  Hydraulic  Ck).  t\  Beaudry,  223  Federal,  739,  p.  742, 
May,  1915. 

ADVEBSE  CLAIMS. 

FAILURE  TO  FILE — NO  OBJECTION  TO  APFXICATION. 

The  issuance  of  a  patent  for  a  mining  claim  can  not  be  stayed  by 
reason  of  some  one  else  claiming  a  better  right  to  the  possession  of 
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the  claim,  unless  the  person  making  such  claim  files  the  same  against 
the  application  in  the  land  ofBce ;  and  an  action  brought  in  support 
of  such  adverse  claim  must  be  based  on  the  right  asserted  in  such 
claim,  as  it  must  be  conclusively  assumed  that  no  adverse  claim  exists 
except  such  as  have  been  filed. 

Lancaster  v.  CkMUe  (Ck>lorado  Appeals),  150  Pacific,  S21,  p.  822,  July,  1915. 

PLACEB  CLAIMa 
RTTLB  OF  APPROXIMATION. 

The  rule  of  approximation  is  now  applicable  to  placer  mining 
locations  and  entries  upon  surveyed  lands,  to  be  applied  on  the  basis 
of  10-acre  legal  subdivisions. 

McKitrick  OU  Ck>.,  In  re  Land  Decisions,  August  13, 1915. 

LOCATIONS   BY  INDIVIDUALS   FOR   CORPORATION. 

Where  placer  mining  claims  were  located  by  a  number  of  persons 
with  the  understanding  that  each  of  such  locators  would  have  an 
equal  interest  in  all  of  the  land  so  located,  and  where  it  was  the 
intention  and  understanding,  of  such  locators  that  a  corporation 
would  be  organized  by  them  for  the  purpose  of  developing  the  claims 
and  that  to  such  company  when  organized  the  claims  would  be  con- 
veyed, the  stock  of  the  corporation  distributed  among  such  persons 
according  to  their  respective  interests  in  the  land  to  be  conveyed, 
and  where  such  persons  subsequently  met,  organized  a  corporation 
under  the  laws  of  the  State,  and  subscribed  stock  in  proportion  to 
the  amount  and  value  of  the  land  located  by  each,  such  locations 
are  held  to  be  valid,  as  the  locators  imder  such  circumstances  located 
the  claim  solely  for  their  own  individual  benefit  and  not  as  mere 
agents  for  the  benefit  of  some  other  person  or  of  some  corporation  in 
which  they  had  no  interest;  and  imder  their  arrangement  the  cor- 
poration to  which  it  was  proposed  to  transfer  the  claims  was  to  be 
one  in  which  such  locators  were  to  be  the  sole  stockholders  and  each 
the  owner  of  the  equal  imdivided  part  of  the  stock;  and  it  is  not  a 
case  of  dummy  locators  lending  their  names  to  persons  or  corpora- 
tions for  the  purpose  of  permitting  them  to  acquire  lands. 

McKltrlck  OU  Co.,  In  re  Land  Decisions,  August  13, 1915. 

PATENTS. 
APPLICATION  AND  RIGHT  OF  LOCATOR  AS  AGAINST  THIRD  PERSONS. 

Where  the  right  to  a  patent  to  a  mining  claim  from  the  United 
States  is  the  issue  and  the  purpose  of  the  suit,  and  the  evidence  is 
sufficient  to  satisfy  the  requirements  of  the  statute  and  entitle  the 
party,  by  reason  of  prior  location,  to  a  patent,  it  would  be  sufficient 
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to  sustain  the  verdict  and  judgment,  so  far  as  the  rights  of  all  the 
parties  are  concerned,  and  the  questicm  of  title  in  a  third  person  or 
a  third  person's  interest  can  not  be  raised  to  defeat  the  right  to  & 
patent  from  the  United  States  to  a  mining  claim. 

Lancaster  v,  Ooale  (Colorado  Appeals),  150  Pacific,  821,  p.  S22,  July,  3dl5. 

DEPABTMENTAIi  DETERMINATION — ^NOT  SUBJECT  TO  COLLATERAIi  ATTACK. 

The  Land  Department  of  the  United  States,  including  in  that 
term  the  Secretary  of  the  Interior,  the  Conmiissioner  of  the  Greneral 
Land  Office,  and  other  subordinate  officers,  constitutes  a  special 
tribunal,  vested  with  judicial  power  to  hear  and  determine  the  claims 
of  all  parties  to  the  public  lands  which  it  is  authorized  to  dispose  of 
and  with  power  to  execute  its  judgments  by  conveyances  to  the 
parties  entitled  to  them;  and  a  patent  to  land  within  its  jurisdic- 
tion, issued  by  the  Land  Department,  is  the  judgment  of  that 
tribunal  and  a  conveyance  of  the  legal  title  to  the  land  to  the  pat- 
entee is  an  execution  of  the  judgment;  and  when  a  patent  is  issued 
it  is,  like  the  judgments  of  other  judicial  tribunals,  impervious  to 
collateral  attack.  Accordingly,  a  decision  by  the  Secretary  of  the 
Interior,  on  appeal  from  the  Land  Office,  to  the  effect  that  a  prior 
placer  entry  on  Government  land  opened  to  entry  was  invalid,  as  to 
the  extent  of  any  existing  conflict  with  the  homestead  entry,  for  the 
reason  that  the  land  was  not  mineral  in  character  and  a  cancellation 
of  such  entry  and  the  directing  the  issuance  of  a  patent  to  the  home- 
stead claimant  must  be  regarded  by  the  courts  as  a  judicial  determi- 
nation of  an  issue  within  the  jurisdiction  of  such  special  tribunal, 
vested  with  judicial  powers  to  hear  and  determine  matters  in  con- 
troversy, and  a  patent  issued  on  such  determination  is  not  subject 
to  collateral  attack  in  an  action  brought  by  the  homestead  claimant 
against  the  placer  entryman  to  recover  possession  of  the  disputed 
groimd. 

r 

Olson  V.  Kirk  (South  Dakota),  153  Northwestern,  8S3,  July,  1915. 

See  King  v.  McAndrews,  111  Federal,  860. 

United  States  Mining  Statutes  Annotated,  296,  316,  1135. 

MINING  PAETNEESHIPS. 

JOINT  OWNERSHIP  AND  OPERATION. 

Under  the  Civil  Code  of  California  (section  2511),  a  mining 
partnership  exists  when  two  or  more  persons  who  own  or  acquire 
a  mining  claim  for  the  purpose  of  working  it  and  extracting  the 
minerals  therefrom  actually  engage  in  working  the  same;  but  the 
actual  working  of  the  mine  by  the  joint  owners  is  essential  to  the 
mining  partnership. 

Peterson  v.  Beggs  (California  Appeals),  148  Pacific,  641,  p.  542,  March,  1915. 
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JOINT   VENTURE  AND  OPERATION. 

Persons  who  enter  into  a  joint  venture  for  the  purchase  and  opera- 
tion of  mining  property  and  who  understand  and  act  upon  tiie 
understanding  that  each  of  the  parties  shall  pay  an  equal  amount 
of  all  expenses  incident  to  the  venture,  likewise  understanding  that 
they  would  share  equally  in  the  proceeds  of  the  enterprise,  are  part- 
ners and  the  arrangement  constitutes  a  partnership. 

Galbralth  v.  Develln  (Washington),  148  Pacific,  589,  p.  591,  May,  1915. 

AGREEMENT  TO  ACQUIRE  AND  DEVELOP  MINES. 

An  agreement  among  certain  persons  creating  an  association  of 
the  parties  for  the  purpose  of  acquiring,  developmg,  and  dealing  in 
mines  would  not  create  a  mining  partnership,  imless  it  further  pro- 
vided that  when  the  mining  property  was  acquired  and  developed 
it  should  then  be  worked  on  general  account. 

Peterson  v.  Beggs  (California  Appeals),  148  Pacific,  541,  p.  542,  March,  1915. 

WHAT    CONSTITUTES— COOPERATION    IN    WORKING    MINE   ESSENTIAL. 

The  actual  working  of  a  mine  by  the  owners  together  for  their 
mutual  benefit  seems  to  be  essential  to  the  existence  of  the  partner- 
ship relation,  the  parties  to  contribute  to  the  expenses  of  the  work 
and  to  share  in  the  profits  according  to  their  respective  interests,  and 
the  partnership  arises  only  when  the  coowners  unite  and  cooperate 
in  working  the  mine. 

Peterson  v.  Beggs  (California  Appeals),  148  Pacific,  541,  p.  542,  March,  1915. 

VERBAIi  AGREEMENT   AS  TO   JOINT   VENDOR — ^PERFORMANCE — STATUTE   OF 

FRAUDS. 

An  agreement  between  three  persons  to  procure  an  option  to 
further  develop  a  mine  and  to  form  a  corporation  and  issue  stock, 
to  be  equally  divided  among  them,  while  not  in  writing,  amounted  to 
a  joint  venture  or  partnership  and  is  not  within  the  statute  of 
frauds;  and  the  procurement  of  the  option,  the  formation  of  the  cor- 
poration, and  the  issuance  of  the  stock  is  such  performance  as  to 
render  the  statute  of  frauds  inapplicable,  even  if  the  original  agree- 
ment had  been  void  under  the  statute. 

Kent  V.  Costln  (Minnesota),  153  Northwestern,  874,  p.  875,  July,  1915. 

CONTRACT  INSUFFICIENT  TO  CREATE. 

A  contract  by  which  one  of  the  parties  holding  the  legal  title 
to  certain  mines  and  mining  properties  in  trust  for  all  was  to  sell 
such  property  or  any  portion  of  it  and  from  the  purchase  price  from 
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time  to  time  deduct  a  sum  sufficient  to  repay  him  for  all  siuns  paid 
out  by  him  for  the  benefit  of  the  mining  properties  and  to  com- 
pensate him  for  his  personal  services,  the  sums  remaining  to  be 
divided  equally  among  the  parties,  does  not  constitute  a  mining 
partnership. 

Peterson  v.  Beggs  (California  Appeals),  148  Pacific,  541,  p.  542,  March,  1915. 

MINE  WORKED  BT  ONE  COOWNER. 

Where  one  coowner  of  mining  property  engages  in  working  it 
for  ore,  the  remaining  owners  or  cotenants  not  so  engaged  do  not 
thus  become  partners  but  will  be  left  to  their  rights  and  are  charge- 
able according  to  their  duties  as  cotenants  cmly. 

Peterson' 1?.  Beggs  (Gallfornta  Appeals),  148  Pacific,  541,  p.  542,  March,  1915. 

GOTENANT  SEPARATELY  WORKING  MINES. 

Where  a  joint  owner  of  mines  and  mining  property  who  held  the 
title  in  trust  for  all  the  owners  under  an  agreement  by  which  he 
was  to  sell  the  mining  property  and  from  the  purchase  price  deduct 
sums  sufficient  to  pay  the  expenses  incurred,  engaged  in  working  the 
mine  and  himself  compensated  the  laborers  employed,  and  where 
in  his  absence  another  one  of  the  joint  owners  took  possession  and 
worked  the  mine,  this  does  not  constitute  a  partnership,  and  neither 
of  the  coowners  is  liable  for  espenses  incurred  by  the  other. 

Peterson  v.  Beggs  (California  Appeals),  148  Pacific,  541,  p.  542,  March,  1915. 

ONE  PARTNER  PURCHASING  INTEREST  OP  ANOTHER — ^FRAUD  AND 

CONCEALMENT — LIABILITY. 

Good  faith  requires  that  every  mining  partner  in  the  purchase  and 
disposal  of  mining  property  should  not  make  any  false  representa- 
tions to  his  partners  as  to  the  sale  and  purchase  of  the  interests  of 
other  partners,  and  likewise  he  should  abstain  from  all  concealments 
which  may  be  injurious  to  the  partnership  business;  and  if  any  such 
partner  is  guilty  of  concealment  and  derives  a  profit  and  benefit  there- 
from, he  may  be  compelled  in  equity  to  accoimt  to  the  other  part- 
ners ;  and  if  in  the  purchase  by  one  partner  of  the  interests  of  others 
and  in  the  purchase  misrepresented  and  concealed  the  conditions 
existing  at  the  time  and  subsequently  sold  the  interest  so  purchased 
at  a  much  larger  sum,  he  may  in  equity  be  required  to  account  for  the 
excess  received  by  him. 

Galbralth  v.  DeveUn  (Washington),  148  Pacific,  589,  p.  592,  May.  1915. 

RIGHTS  OF  PARTNERS  TO  BUY  AND  SELL. 

Any  one  of  several  partners  engaged  in  the  purchase  and  operation 
of  mining  properties  has  the  right  to  purchase  the  interest  of  any  of 
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the  other  partners  and  acquire  the  same  for  himself,  and  if  he  subse- 
quently sells  the  interests  so  purchased  at  considerable  profit,  without 
any  previous  arrangement  made  therefor,  his  selling  partners  have  no 
right  to  complain. 

Galbralth  v.  Develln  (Washington),  148  Pacific,  580,  p.  591,  May,  1915. 

STATUTES  KELATING  TO  MINING  OPERATIONS. 

CONSTBTTCTION,  VAUBITY,  AND  EFFECT. 
PURPOSE  AND  APPLICATION  OP  ACT  REGULATING  COAL  MINING. 

The  manifest  purpose  of  the  act  of  April  18,  1911  (Acts  of  Ala- 
bama, 1911,  p.  500),  is  to  reduce  to  a  minimum  the  dangers  incident 
to  the  hazardous  occupation  of  mining  coal  and  thus  conserve  the 
life  and  limbs  of  those  engaged  in  this  occupation.  Its  provisions 
are  not  only  for  the  benefit  of  those  occupying  the  relation  of  servants 
or  employees  but  for  the  protection  of  all  persons  engaged  in  work- 
ing in  mines,  whether  under  contract  as  an  employee  or  independent 
contractor. 

Stith  Ck>al  Co.  v.  Harris  (Alabama),  68  Southern,  797,  p.  798,  May,  1915. 

EXAMINATION  AND  CLASSIFICATION — ^MANDAMUS  t6  COMPEL  EXAMINING 

BOARD  TO  ISSUE  CERTIFICATE. 

The  act  of  Pennsylvania  of  June  8,  1901,  provides  that  every  ap- 
plicant for  a  certificate  as  mine  inspector  must  have  knowledge  of 
the  different  systems  of  work  in  coal  mines  and  must  produce  satis- 
factory evidence  to  the  board  of  examiners  of  experience  in  mines 
where  noxious  and  explosive  gases  are  evolved,  and  must  have  had 
at  least  five  years'  practical  experience  in  the  anthracite  mines  of 
Pennsylvania ;  but,  in  addition  to  this,  the  board  of  examiners  may 
exercise  discretion  in  performing  their  duty,  and  at  least  four  mem- 
bers of  the  board  must  be  convinced  that  an  applicant  has  passed  a 
satisfactory  examination  before  he  is  entitled  to  a  certificate  of  quali- 
fication; and  if  the  board  fails  to  agree  that  a  particular  applicant 
has  passed  "  a  successful  examination "  and  four  members  are  not 
willing  to  sign  the  certificate,  the  matter  there  ends,  and  the  applicant 
can  not  by  mandamus  compel  the  board  to  issue  a  certificate,  espe- 
cially where  his  petition  makes  no  averment  as  to  fraud  or  miscon- 
duct in  the  refusal  to  award  him  a  certificate  and  where  he  fails  to 
allege  that  he  correctly  answered  90  per  cent  of  the  questions  stated 
in  his  written  examination. 

Reese  v.  Pollard  (Pennsylvania),  94  Atlantic,  246,  p.  247,  March,  1915. 

STTATUTE  REQUIRING  OPERATOR  TO  FURNISH  PROPS — TREASONABLE 

COMPLIANCE. 

While  the  statute  of  Alabama  (section  38,  act  of  April  18,  1911) 
imposing  the  duty  on  the  mine  operator  to  furnish  props  to  a  miner 
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on  proper  request  is  mandatory  and  places  an  imperative  duty  upon 
the  owner  or  operator  of  a  mine  and  should  be  construed  that  the 
ends  for  which  it  was  intended  may  be  accomplished,  yet  it  must 
receive  a  reasonable  construction,  and  its  purpose  is  to  have  furnished 
at  a  convenient  place  a  sufficient  supply  of  props  and  other  timbers 
useful  for  propping  in  the  mine  and  of  suitable  lengths  and  sizes 
when  needed  and  requested  by  the  miners;  but  there  is  nothing  in 
the  section  indicating  that  the  mine  operator  is  required  to  furnish 
props  of  the  exact  length  demanded  by  a  miner,  but  the  demands  of 
the  statute  are  complied  with  where  the  operator  furnishes  props 
entirely  suitable  for  the  purpose  for  which  they  were  ordered  and 
which  require  no  unusual  effort  or  inconvenience  in  setting  them, 
although  they  may  vary  an  ilich  from  the  exact  length  ordered;  and 
evidence  is  admissible  to  show  that  props  an  inch  or  two  inches 
shorter  or  an  inch  or  two  iijches  longer  than  the  length  requested  by 
the  miner  are  suitable  in  connection  with  the  methods  of  mining  and 
the  particular  conditions  of  the  mine  where  the  props  are  to  be  used 
and  the  circumstances  surrounding  their  use. 
Stith  Coal  Go.  v.  Sanford  (Alabama),  68  Southern,  990,  p.  992,  May,  1915. 

SCOPE   OP  EMPLOYMENT — ^MINER   WITHIN    PR0TEC5TI0N    OF    STATUTE. 

Where  all  the  men  employed  in  a  mine,  including  the  boss  driver 
and  his  assistant,  are  subordinate  to  the  bank  boss  and  subject  to  his 
orders  and  control ;  and  where  in  case  of  a  wreck  of  trip  cars  in  a 
mine  the  bank  boss  ordered  all  persons  within  hearing  to  assist  in 
cleaning  up  the  wreck  and  getting  the  cars  running,  and  the  boss 
driver  being  present  thereupon  ordered  his  assistant  boss  driver  to 
aid  in  cleaning  up  the  wreck,  such  assistant  boss  driver  is  then  within 
the  protection  of  the  statute  protecting  employees  against  the  negli- 
gence of  an  employer,  though  the  particular  service  is  foreign  to  his 
regular  work. 

Republic  Iron  &  Steel  CJo.  v,  Qulnton  (Alabama),  69  Southern,  604,  p.  605, 
July,  1015. 

AMENDATORY  ACT  INVALID — ^EFTECT. 

The  act  of  1907,  chapter  540,  attempting  to  amend  chapter  237  of 
the  acts  of  1903,  of  the  Tennessee  statutes,  declaring  that  the  mine 
foreman  should  be  considered  the  agent  and  representative  of  the 
owner  or  operator  in  the  discharge  of  the  statutory  duties  of  such 
foreman,  being  invalid  by  reason  of  the  failure  of  the  legislature  to 
observe  the  constitutional  requirements  in  the  manner  of  its  passage, 
leaves  the  provisions  of  the  original  act  in  force,  and  under  such 
original  act  a  mine  owner  or  operator  was  not  liable  to  a  miner  in- 
jured by  the  negligence  of  such  statutory  foreman. 

Tennesse  Coal,  Iron  &  Railroad  Ck).  v.  Hooper  (Tennessee),  175  Southwest- 
ern, 1146,  May,  1915. 
See  Roame  Iron  Oo.  v,  Francis,  180  Tennessee,  094;  172  Southwestern,  SIO. 
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employers'   LIABILITr  ACT — ^APPLICATION   AND  UABnJTr. 

In  an  action  for  damages  for  injuries  by  a  miner  under  the  em- 
ployers' liability  act  of  Alabama  (code  section  3910),  the  injured 
miner  can  not  recover  without  showing  the  relation  of  employee  to  the 
defendant  operator,  as  this  section  imposes  no  duty  upon  a  mine 
operator  to  any  but  his  employees. 

Stith  Goal  Go.  v.  Harris  (Alabama),  68  Southern,  797,  p.  798,  May,  1915. 

exercise  of  care 

The  statute  of  Missouri  (Eevised  Statutes  of  1909,  section  7828), 
requiring  certain  machinery  dangerous  to  employees  when  engaged 
in  their  ordinary  duties  to  be  guarded,  does  not  exempt  the  em- 
ployees from  the  duty  to  exercise  reasonable  care  to  avoid  injury 
from  such  machinery.  Nor  does  it  deprive  the  employer  of  the  de- 
fense of  contributory  negligence  to  actions  for  injuries  caused 
thereby. 

Northern  Central  Coal  Co.  v,  Hughes,  224  Federal,  57,  p.  59,  May,  1915. 

DXTTIES  IMPOSED  ON  OFEBATOR. 
DUTY  TO  PROVmE  SATE  APPLIANCES. 

Under  the  statute  of  West  Virginia  it  is  the  nonassignable  duty  of 
the  owner  or  operator  of  a  coal  mine,  and  not  of  his  foreman,  to  main- 
tain the  motor  tracks,  motor,  and  other  appliances  with  which  the 
miners  are  required  to  work  in  a  reasonably  safe  condition,  and  for 
any  failure  in  this  respect  resulting  in  an  injury  to  a  miner,  such 
owner  or  operator  is  liable  for  actionable  negligence. 

Gray  v.  Pocahontas  Consolidated  Collieries  Co.  (West  Virginia),  85  South- 
eastern«  551,  p.  552,  May,  1915. 

DUTY  TO  FURNISH  PROPS — COMPLIANCE  AS  TO  LENGTH  OF  PROPS. 

An  action  by  a  miner  injured  by  a  fall  of  rock  from  the  roof  of 
a  mine  in  his  working  place,  based  on  the  alleged  violation  by  the 
mine  operator  of  the  statute  of  Alabama  (section  38,  act  of  April  18, 
1911),  imposing  upon  the  operator  the  duty  of  furnishing  needed 
props  or  timbers  when  properly  requested  by  the  miner,  can  not  be 
maintained,  and  a  recovery  can  not  be  had  where  it  appears  from  the 
evidence  that  the  vein  of  coal  in  the  room  where  the  rock  fell  was 
8  feet  and  5  inches  high,  and  where  on  demand  the  operator  furnished 
the  miner  with  props  3  feet  and  4  inches,  3  feet  and  6  inches,  and  3 
feet  and  8  and  10  inches,  and  where  the  evidence  shows  that  a  prop 
3  feet  and  4  inches  and  props  3  feet  and  6  inches  are  suitable  and 
proper  to  be  used  in  propping  the  roof  of  a  mine  where  the  vein  of 
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coal  is  3  feet  and  5  inches  high,  though  the  operator  did  not  in  fact 
furnish  props  cut  3  feet  and  5  inches;  and  on  the  trial  of  the  case 
it  was  proper  for  the  operator  to  show  that  for  coal  veins  of  the 
alleged  thickness  a  prop  3  feet  and  4  inches  was  suitable  because 
such  props  were  ordinarily  used  with  a  cap  board,  an  instrument  in 
general  use  in  mines,  and  about  4  or  5  inches  wide,  about  12  inches 
long,  and  about  1  inch  thick,  and  that  if  a  prop  is  a  little  short  of  the 
required  length,  the  use  of  such  cap  board  in  connection  with  the 
props  is  a  better  method  of  propping  the  roof  of  a  mine;  and  it 
was  also  proper  for  the  operator  to  show  that  a  prop  3  feet  and  6 
inches  was  suitable  and  was  used  in  well  regulated  mines  for  prop- 
ping purposes  in  veins  of  the  alleged  thickness,  and  that  such  props 
were  set,  under  such  circumstances,  by  digging  an  inch  or  more  into 
the  floor  of  the  mine,  and  that  the  furnishing  of  such  props  was  a 
compliance  with  the  imposed  statutory  duty. 

Stlth  Ck>al  Co.  v.  Sanford  (Alabama),  68  Southern,  990,  p.  991,  Hay,  1915. 

APPLIANCES — ^ABSENCE  OF  PROOF  OF  NOTICE  OF  DEFECTS. 

A  coal-mine  operator  is  not  liable  under  the  Alabama  employers' 
liability  act  (section  3910,  subdivision  1,  Code  of  1907) ,  to  an  employee 
employed  as  a  coupler  on  a  motor  car  used  for  hauling  trips  of  care 
out  of  the  mine  where,  at  the  time  of  the  injury  complained  of,  the 
plaintiff  was  riding  on  a  motor  car,  engaged  in  the  line  of  his  employ- 
ment in  coupling  the  power  car  to  a  trip  of  coal  cars  to  be  hauled  out 
of  the  mine,  and  where  the  averments  of  negligence  relied  upcm  are 
to  the  effect  that  the  bumpers  on  the  tram  car  that  caught  the  plain- 
tiff's hand  and  inflicted  the  injury  complained  of  were  "  broken  off,'' 
and  where  such  fact  is  averred  as  constituting  the  defect  in  the  ways, 
works,  machinery,  or  plant,  of  the  defendant  that  was  the  proximate 
cause  of  the  injury,  and  had  not  been  discovered  or  remedied  owing 
to  the  negligence  of  the  defendant,  and  where  it  appears  from  the 
evidence  that  the  car  had  had  bumpers  and  where  there  was  nothing 
to  show  for  what  length  of  time  immediately  before  the  accident  the 
bumpers  had  been  broken  off,  as  the  bumpers  must  have  been  broken 
off  the  car  a  sufficient  length  of  time  to  charge  the  mine  operator  with 
negligence  in  failing  to  discover  the  defect  and  remedy  it,  in  the  ab- 
sence of  actual  knowledge  of  the  defect. 

Sloss-Sheffield  Steel  &  Iron  Co.  v.  Westbrook  (Alabama),  69  Southern,  311. 
June,  1915. 

VIOLATION  OF  STATXTTOBY  DTJTIES— LIABILITY. 
PLEADING  NEGLIGENCE — SUFFICIENCY  OF  COMPLAINT  FOB  INJURY. 

In  an  action  by  a  miner  for  damages  for  injuries  he  must,  under 
the  Pennsylvania  act  of  May  25,  1887,  aver  facts  sufficient  to  show 
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that  a  duty  required  by  law  has  been  breached  or  neglected  by  the 

mine  operator,  and  the  averments  must  be  sufficient  to  indicate  the 

causal  connection  between  such  breach  or  neglect  and  the  injury 

complained  of  and  must  be  sufficient  to  give  the  defendant  clear  and 

exact  information  of  the  charges  against  him;  and  while  he  need 

not  anticipate  defenses  or  aver  mere  underlying  evidentiary  facts, 

yet  the  elementary  facts  relied  upon  to  show  negligence  must  appear 

in  imequivocal  language  and  these  facts  must  be  such  as,  standing 

alone,  if  not  controverted,  would  entitle  the  plaintiff  to  a  verdict  in 

his  favor ;  and  if  many  separate  grounds  of  complaint  are  laid  in  a 

declaration  each  must  be  examined  with  like  care,  and  a  multitude  of 

charges,  none  of  which  aver  facts  sufficient  to  make  a  case  against  the 

defendant,  are  no  stronger  than  one  insufficient  averment  would  be. 

Charnogarsky  v.  Prlce-Pancoast  CJoal  Ck).  (Pennsylvania),  94  Atlantic,  451, 
p.  452,  March,  1915. 

A  complaint  in  an  action  by  a  miner  for  personal  injuries  is  suffi- 
cient where  it  avers  that  the  injuries  complained  of  were  received 
by  reason  and  as  a  proximate  consequence  of  the  negligence  of  an 
employee  of  the  defendant  operator,  and  intrusted  by  the  defend- 
ant with  superintendence  while  in  the  exercise  of  such  superintend- 
ence, in  this,  that  such  person  negligently  permitted  the  top  or  roof 
of  the  mine  where  plaintiff  was  so  engaged  in  the  discharge  of  his 
duties  to  be  defective  or  to  be  improperly  supported  where  plaintiff 
was  at  work;  or  negligently  permitted  plaintiff  to  work  in  a  dan- 
gerous part  of  such  mine,  where  rock  was  liable  to  fall  on  plaintiff, 
without  warning  or  notifying  him  of  such  danger,  as  it  sufficiently 
shows  a  relation  between  the  parties  out  of  which  arises  a  duty 
owing  from  the  operator  to  the  plaintiff,  and  it  sufficiently  avers  that 
the  operator  negligently  failed  to  do  and  perform  the  act  or  acts 
imposed  by  that  duty ;  and  it  is  not  necessary  and  the  plaintiff  is  not 
required  to  define  the  quo  modo  or  to  specify  the  particular  acts  of 
diligence  which  should  have  been  performed  in  the  discharge  of  the 
duty,  and  what  the  defendant  did  and  how  he  did  it  and  what  he 
failed  and  omitted  to  do  are  generally  better  known  to  him  than 
to  the  plaintiff;  neither  was  it  necessary  to  aver  that  the  defend- 
ant knew  of  the  alleged  defective  condition  of  the  top  or  roof  of 
the  mine. 

Tennessee  Coal,  Iron  &  Railroad  Go.  v,  Moore  (Alabama),  69  Southern,  540, 
June,  1915. 

The  duty  of  the  operator  to  warn  and  the  knowledge  of  the  op- 
erator, under  the  superintendent  subdivision  of  the  Alabama  statute, 
is  embraced  in  the  words  "negligently  caused,"  "negligently  al- 
lowed," "  negligently  permitted,"  and  "  negligently  failed  to  warn  " ; 
and  where  a  complaint  by  a  miner  for  injuries  caused  by  the  fall  of 
a  roof  charges  the  operator  with  negligent  failure  to  properly  sup- 
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port  the  roof,  or  that  the  operator  negligently  permitted  it  to  be  and 
remain  defective,  or  that  the  operator  negligently  permitted  plaintiff 
to  work  in  the  dangerous  place  without  warning  him  of  the  dan- 
gers, are  sufficient  allegations  of  the  negligent  failure  of  the  operator, 
through  its  superintendent,  to  discharge  such  duty  to  the  plaintiff. 

Tennessee  Coal,  Iron  &  RaUroad  Co.  v,  Moore  (Alabama),  69  Southern,  540, 
p.  541;  June,  1915. 

£MFIX)rERS'    LIABILITY    ACT — ^NEGLIGENT    OBDER    GIVEN    BY    OPERATOR- 
BURDEN  OP  PROOF. 

In  an  action  under  the  employers'  liability  act  of  Alabama  (Code 
of  1907,  section  3910,  subdivision  3),  by  an  experienced  miner  for 
injuries  received  while  working  in  defendant's  mine  by  a  rock  fall- 
ing from  the  roof,  due  to  the  alleged  negligence  of  the  superintendent 
of  the  defendant  operator  in  ordering  the  complainant  to  put  an 
entry  in  which  he  was  working  on  center,  the  burden  of  proof  is  on 
the  injured  miner  to  show  that  the  order,  in  the  execution  of  which 
he  was  injured,  was  a  negligent  order  under  the  circumstances  and 
that  it  must  have  been  reasonably  apparent  to  the  superintendent, 
under  the  condition  as  he  knew  or  ought  to  have  known  it,  that  the 
miner's  execution  of  his  command  would  expose  the  miner  to  some 
peril  beyond  the  ordinary  risks  of  his  service,  and  against  whidi 
ordinary  and  reasonable  care  on  his  part  would  probably  not  suflSce 
to  protect  him. 

Woodward  Iron  Co.  v.  Wade  (Alabama),  68  Southern,  1008.  p.  1010,  June, 
1915. 

FAILURE  TO  PURNISH  PROPS — PLIABILITY. 

A  complaint  in  an  action  by  an  injured  miner  against  a  mine 
operator  for  damages  for  injuries  received  while  mining  coal  in  a 
room  in  the  defendant's  mine,  caused  by  a  rock  falling  upon  the 
miner  from  the  roof,  is  sufficient  where  it  further  avers  tiiat  the 
miner  demanded  and  requested  of  the  person  whose  duty  it  was  to 
deliver  or  have  delivered  certain  props  or  timbers  needed  in  the  mine, 
and  that  it  was  the  duty  of  the  defendant  operator  to  promptly 
deliver  the  props  as  requested  and  demanded,  and  that  as  the  proxi- 
mate consequence  of  such  failure  the  miner  was  injured. 

Stlth  Coal  Co.  V.  Sanford  (Alabama),  68  Southern.  990,  May,  1915. 

ORDERING  MINER  INTO  DANGEROUS  PLACE — ^FAILURE  TO  WARN. 

Where  a  miner  is  directed  by  the  mine  operator  to  conduct  mining 
operations  in  a  place  in  the  mine  that  is  dangerous,  and  where  the 
danger  or  peril  is  not  obvious,  but  is  inherent  in  the  conditions 
necessarily  surrounding  the  miner  while  executing  the  order  of  the 
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operator,  and  where  the  conditions  are  such  that  the  operator  could 
and  should  have  known  of  the  danger,  and  of  which,  if  not  remedied, 
the  miner  could  expect  the  operator  to  seasonably  inform  him,  then 
in  such  case  the  operator's  order  without  such  warning  is  negligent 
and  the  miner  may  recover  for  an  injury  proximately  resulting 
therefrom  under  the  employers'  liability  act  of  Alabama. 

Woodward  Iron  Co.  v.  Wade  (Alabama),  68  Southern,  1008,  p.  1010,  June, 
1915. 

FAILITRB  TO  INSPECT  MINE. 

Under  section  5006,  General  Statutes  of  Kansas,  1909,  it  is  the 
duty  of  mine  operators  whose  mines  generate  fire  damp  to  keep  them 
free  from  standing  gas,  and  to  examine  every  working  place  care- 
f uUy  each  momini  with  a  safety  lamp  by  aZexaminef  or  fire  boss 
before  miners  are  permitted  to  enter  their  working  places;  and  a 
failure  to  make  such  inspection  of  a  mine  shown  to  have  generated 
fire  damp  or  gas  will  render  the  operator  liable  to  a  miner  injured 
thereby. 

Hartman  v.  Dickinson  (Kansas),  148  Pacific,  743,  May,  1915. 

EMPLOYMENT  OF  MINOR. 

In'  an  action  in  trespass  to  recover  damages  for  physical  injuries 
to  a  boy  employed  in  a  coal  operator's  coal  breaker  where  the  peti- 
tion averred  that  the  injuries  complained  of  resulted  from  the  de- 
fendant's violation  of  duties  and  regulations  prescribed  by  the  laws 
of  the  Commonwealth  for  the  safety  of  laborers  and  employees,  and 
showing  by  averment  the  boy's  age  and  that  he  was  injured  while 
in  the  service  of  the  defendant  company,  is  sufficient  to  show  a  lia- 
bility and  to  sustain  a  recovery  grounded  on  the  employment  of  a 
minor  imder  the  age  of  16  in  violation  of  the  act  of  May  1,  1909, 
though  the  better  practice  would  have  been  to  aver  the  specific 
violation  of  the  act. 

Krutlles  v.  Bulls  Head  Coal  Co.  (Pennsylvania),  94  Atlantic,  459,  April,  1915. 

UNLAWrUIi  EMPLOYMENT  OF  MINOR — ^EVIDENCE  OF  NEOLIOENCE — STATU- 
TORY DEFENSE — ^PLEADING. 

When  the  employment  of  a  minor  is  shown  to  be  illegal,  because 
forbidden  by  a  statute,  this  in  itself  is  sufficient  evidence  of  the 
defendant's  negligence,  and  where  the  injury  complained  of  occurred 
in  the  course  of  the  plaintiff's  service  under  such  unlawful  employ- 
ment, that  is  enough  to  show  causal  connection,  and  the  law  will 
refer  the  injury  to  the  original  wrong  as  its  proximate  cause.  To 
employ  a  minor  under  the  age  of  16  in  a  coal  breaker  is  made 
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unlawful  by  the  statute  of  Pennsylvania,  unless  the  employer  pro- 
cures and  keeps  on  file  the  certificate  required  by  the  act,  and  'when 
an  action  for  damages  is  brought  grounded  on  such  employment, 
a  procurement  of  the  certificate  and  a  copy  of  the  same  on  file  as  re> 
quired  by  the  act  is  a  matter  of  justification  or  defense  to  be  shown 
by  the  employer,  and  as  a  lack  of  compliance  with  the  terms  of  the 
statute  in  this  respect  on  the  part  of  the  defendant  need  not  be 
shown  by  the  injured  minor,  it  is  therefore  not  required  to  be  averred 
in  his  statement  of  claim. 

Knitlies  i\  Bulls  Head  Coal  Co.  (Pennsylvania),  94  Atlantic,  459,  p.  400, 
April,  1915. 

EMPLOYMENT  OF   BOY   UNDER    16 ^FALSE   REPRESENTATION   AS  TO   AQE 

LIABILTTY. 

A  mine  operator  employing  a  boy  under  16  years  of  age  to  work 
in  its  coal  breakers  and  who  fails  to  procure  the  certificate  and 
keep  the  same  on  file  as  required  by  the  act  of  May  1,  1909,  is  liable 
in  damages  for  an  injury  sustained,  though  the  boy  falsely  repre- 
sented his  age  at  the  time  of  the  employment,  as  a  false  statement 
by  the  boy  in  regard  to  his  age  will  in  no  sense  bar  a  recovery  for 
subsequent  injuries. 

Krutlies  v.  Bulls  Head  Coal  Co.  (Pennsylvania)  94  Atlantic.  459,  p.  461, 
April,  1915. 

EMPLOYMENT  OF  MINOR — COMPLIANCE  WITH  STATUTE — ^PROCURING  AND 

FILING  CERTIFICATE. 

Under  the  Pennsylvania  statute  of  May  1,  1909  (P.  L.  375),  a  coal 
operator  who  employs  in  his  coal  breakers  a  minor  under  16  years  of 
age  does  so  at  his  own  risk,  so  far  as  the  question  of  age  may  enter 
into  a  subsequent  liability,  imless  he  shows  compliance  with  the  act 
and  has  obtained  and  kept  on  file  a  certificate  as  required  by  the  act. 

Krutllea  v.  Bulls  Head  Coal  Co.  (Pennsylvania).  94  Atlantic,  450,  p.  460, 
April,  1915. 

EMPLOYMENT  OF  YOUTHFUL  MINER   NOT  NEGLIGENCE. 

Under  the  statute  of  West  Virginia  it  is  not  negligence  per  se  for 
a  mine  operator  to  employ  a  boy  over  14  years  of  age  in  a  coal  mine, 
but,  on  the  contrary,  the  statute  permits  such  employment. 

Gray  v.  Pocahontas  Consolidated  Collieries  Co.  (West  Vlrjrfnia).  85  South- 
eastern, 551,  p.  552,  May,  1915. 

LIABILITY    FOR    INJURIES    TO    EMPLOYEE    OF    INDEPENDENT    CONTRACTOK. 

The  act  of  Alabama  regulating  the  mining  of  coal  (act  of  1911, 
500,  p.  514)  is  for  the  benefit  of  miners,  whether  an  employee  of  the 
mine  operator  or  of  an  independent  contractor,  and  if,  as  a  proxi* 
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mate  consequence  of  a  breach  of  duty  imposed  by  the  statute  on  a 
mine  operator  a  miner  is  injured,  he  is  entitled  to  recover;  and  it  is 
inmiaterial  in  this  case  whether  he  was  an  employee  of  the  owner 
and  operator,  or  an  independent  contractor,  or  an  employee  of  an 
independent  contractor,  and  any  averments  in  his  complaint  as  to 
his  relation  to  the  mine  owner  and  operator  will  not  require  strict 
proof. 

Stitch  Coal  Co.  V,  Harris  (Alabama),  68  Southern,  797,  p.  798,  May,  1915. 

DUTIES  IMPOSED  ON  HINEE. 

FAILURE    TO    SEUSCT    AND    MARK    PROPS — ^PROOF    OF    CUSTOM. 

Section  2739b  of  the  statutes  of  Kentucky  makes  it  the  duty  of  a 
mine  owner  to  furnish  props  and  caps  to  the  miner  only  after  the 
miner  has  selected  and  marked  the  same,  and  the  statutory  duty  thus 
imposed  on  the  miner  can  not  be  abrogated  by  a  custom  of  merely 
requesting  props  and  caps. 

Peerless  Coal  Co.  v,  Taylor  (Kentucky),  176  Southwestern,  1002,  p.  1003, 
June,  1915. 

See  Palmer  v.  Empire  Coal  &  Coke  Co.  (Kentucky),  102  Ky.  130,  172  South- 
ivestern,  97. 

SELECTION    OF   PROPS — ^FAILURE   OF   OPERATOR   TO    PROVIDE   PROPS. 

Under  section  2739b  of  the  statutes  of  Kentucky,  making  it  the 
duty  of  a  mine  owner  to  furnish  props  and  caps  only  after  the  miner 
has  selected  and  marked  the  same,  if  the  mine  owner  fails  to  supply 
props  at  a  place  in  the  mine,  or  within  a  reasonable  distance  there- 
from, so  that  they  can  be  conveniently  reached  by  the  miner,  then 
the  miner  is  not  required  to  select  and  mark  the  props,  but  a  mere 
request  on  his  part  will  be  sufficient  to  impose  on  the  owner  the 
duty  of  furnishing  props,  and  the  failure  of  the  mine  owner  or 
operator  to  so  furnish  the  props  may  make  him  liable  for  an  injury 
to  the  miner  resulting  proximately  from  such  failure. 

Peerless  Coal  Co.  v.  Copenhaver  (Kentucky),  176  Southwestern,  1002,  p. 
1003,  June.  1915. 

DUTY    OF    MINER    TO    AVOID    PERILS — ^ASSUMPTION    OF    COMPETENCY    BY 

OPERATOR. 

Where  an  experienced  miner  is  directed  to  conduct  mining  oper- 
ations at  a  pailicular  and  perilous  place  in  the  mine,  and  where  the 
peril  is  obvious  to  the  miner  and  might  readily  be  avoided  by  him 
by  fully  discharging  his  duty  in  conformity  with  the  order  given,  the 
operator  has  the  right  to  assume  that  the  miner  will  both  observe  the 
peril  and  avoid  it,  and  under  such  circumstances  it  can  not  be  said 
that  the  order  was  negligently  given  within  the  employers'  linbility 
net  of  Alabama. 

Woodward  Iron  Co.  i;.  Wade  (Alabama),  68  Soutbern,  1008,  p.  1010,  June,  1915. 
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NEOLIGBNCE  07   HIKE   SUPEBIKTEKDENT,   FOSEMAN,    OB  B06S. 

INABILITY    WHERE    MINE    OPERATIONS    ARE    PLACED    IN    THE    HANDS  OF 

STATUTORY    FOREMAN. 

Under  a  statute  requiring  a  mine  operator  to  employ  a  statutory 
mine  foreman  and  depriving  the  owner  or  operator  of  any  control 
of  such  foreman  as  to  the  internal  operaticHos  of  the  mine,  the  rela- 
tion of  master  and  servant  does  not  exist,  and  it  would  be  unreason- 
able and  against  conscience  to  hold  the  owner  or  operator  responsible 
for  the  consequences  of  an  act  of  such  foreman,  the  doing  of  which 
had  been,  by  the  express  provision  of  the  statute,  taken  out  of  his 
hands  and  placed  beyond  his  control. 

Tennessee  Coal,  Iron  &  Railroad  Co.  t\  Hooper  (Tennessee),  175  Southwest- 
ern, 1146,  May,  1915. 

NO   LIABILITY  IN    ABSENCE   OF   RELATION   Or   MASTER  AND    SERVANT. 

A  mine  foreman  under  the  Tennessee  statute  (Acts  of  1903,  eh. 
237)  is  charged  with  the  duty  of  keeping  watch  over  entries  and 
traveling  ways  so  that  as  the  miners  advance  their  excavations  all 
dangerous  coal,  slate,  or  rock  overhead  is  taken  down  or  secured 
against  falling,  and  the  statute  prescribing  the  qualifications  of  mine 
foremen  compels  the  operator  to  employ  them  and  expressly  pro- 
vides that  such  foremen  shall  not  be  subject  to  the  control  of  the 
operator  or  owner  in  the  discharge  of  their  statutory  duties  and 
the  performance  of  these  duties  is  secured  by  the  imposition  of  a 
fine  and  imprisonment  upon  any  foreman  neglecting  them;  and  by 
reason  of  this  statutory  provision  the  relation  of  master  and  servant 
does  not  exist  between  the  foreman  and  the  mine  owner  or  operator, 
and  the  owner  or  operator  is  not  liable  to  an  injured  miner  by  reason 
of  the  negligence  of  such  a  statutory  foreman. 

Tennessee  Coal.  Iron  &  KaUroad  Co.  v.  Hooper  (Tennessee),  175  Southwest- 
ern, 1146,  May,  1915. 

REQUIRING  EXPLOSIVES  TO  BE  KEPT  IN  DAMP  PLACE. 

A  fire  boss  has  no  right  under  the  Pennsylvania  statute  to  say  that 
a  miner's  box  containing  explosives  should  remain  in  a  particular 
place  where  it  was  damp,  and  where  all  that  he  did  say  was  that 
the  place  was  all  right  and  the  box  good  enough,  and  the  miner  could 
not  under  such  direction  leave  his  box  where  it  was  exposed  to 
dampness,  relying  upon  the  judgment  of  the  fire  boss,  and,  even  if 
the  fire  boss  had  the  power  and  was  negligent,  the  mine  owner  under 
the  Pennsylvania  statute  would  not  be  liable  for  an  injury  to  the 
miner  resulting  from  the  negligence  of  the  statutory  fire  boss, 

Lehigh  Valley  Coal  Co.  v.  Calausky,  222  Federal,  664,  p.  666.  April,  1915. 
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NEGLIGENCE  OF  MINE  BOSS — SELECTING  DANGEROUS  METHODS. 

The  statute  of  Indiana,  section  8580,  Burns's,  1914,  makes  it  the 
duty  of  a  mine  boss  to  visit  and  examine  every  working  place  in  a 
mine  at  least  every  alternate  day  while  the  miners  are  at  work  and 
to  examine  and  see  that  each  working  place  is  properly  secured  by 
tamping,  and  shall  see  that  a  sufficient  supply  of  timbers  are  on 
hand,  and  shall  also  see  that  all  loose  coal,  slate,  and  rock  overhead 
wherein  miners  have  to  travel  to  and  from  their  work  are  taken 
down  or  carefully  secured;  and  a  complaint  in  an  action  for  dam- 
ages for  the  death  of  a  miner  which  avers  that  the  deceased  miner 
was  ordered  by  the  mine  boss  and  his  assistant  to  repair  the  timber 
and  entry  in  a  particular  manner,  and  that  the  way  selected  was 
dangerous  and  known  to  them  to  be  so,  but  nevertheless  they  negli- 
gently selected  the  unsafe  way  of  propping  the  roof  when  they  could 
have  selected  the  safe  way  of  taking  down  the  loose  slate  and 
rock,  and  that  the  deceased  miner,  while  obeying  the  order  and 
directions  of  the  mine  boss  and  his  assistant  and  while  attempting  to 
perform  the  work  in  obedience  to  such  order,  was  killed  by  a  fall  of 
the  loose  slate,  is  sufficient,  for  the  reason  that  the  statute  recognizes 
two  ways  of  making  such  places  safe;  and  if  the  mine  boss  and  his 
assistant  negligently  selected  the  unsafe  way,  as  alleged,  and  ordered 
the  deceased  miner  to  work  in  that  particular  manner,  and  he  lost 
his  life  while  obeying  such  order,  the  mine  operator  is  liable. 

Yandalla  Goal  Ck>.  v.  Alsopp  (Indiana  AppeUate),  109  Northeastern,  421,  p. 
422,  June,  1915. 

EVIDBNCB — ADMISSIBILITY  OF  DECLARATIONS. 

Under  the  Penn^lvania  law  a  fire  boss  is  not  a  fellow  servant  of 
the  mine  owner's  employees,  and  the  employers'  liability  act  does  not 
apply  to  such  a  foreman ;  and  where  it  was  not  made  to  appear  that 
a  fire  boss  represented  the  mine  owner  in  any  respect  or  performed 
any  duties  except  those  imposed  upon  him  by  statute,  a  conversation 
between  him  and  the  injured  miner  did  not  affect  the  mine  owner, 
and  is  not  admissible  in  evidence  in  an  action  by  an  injured  miner. 

Lehigh  VaUey  Coal  Co.  v.  Calausky,  222  Federal,  664,  p.  666,  April,  1915. 
-EFFECT  ON  CONTBIBirTOBY  NEGLIGENCE. 
DEFENSE    OP    OONTRIBUTOKY    NEGLIGENCE    NOT    ABROGATED. 

The  statute  of  Missouri  (Bevised  Statutes  of  1909,  sec.  7828), 
requiring  certain  dangerous  machinery  used  by  employees  to  be 
guarded,  does  not  deprive  the  employer  of  the  defense  of  contribu- 
tory negligence  to  actions  for  injuries  caused  by  a  failure  to  guard 
dangerous  machinery. 

Northern  Central  Coal  Co.  v.  Hughes,  224  Federal.  57,  p.  59,  May,  1915. 
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CONTRIBUTORY  NEGLIGENCE  AND  ASSUMPTION  OF  RISK  NOT  DEFENSES— 

EXCEFFIONS. 

In  an  action  for  damages  by  an  injured  miner  negligence  or 
assumption  of  risk  can  not  be  interposed  as  a  matter  of  defense  under 
section  3910  of  the  Code  of  Alabama,  unless  the  miner  is  the  one 
whose  duty  it  is  to  remedy  the  defect,  or  who  committed  the  negli- 
gent act  causing  the  injury  complained  of.     The  statute  does  not 
prohibit  the  defense  of  contributory  negligence  or  assumption  of 
risk  in  three  distinct  classes  of  cases:  (1)  Where  the  miner  knows  of 
the  defect  or  negligence  and  fails  to  give  information  thereof  within 
a  reasonable  time  to  the  operator  or  to  a  superior  in  the  service,  un- 
less the  operator  or  such  superior  knows  of  the  defect  or  negligence; 
(2)  where  the  injured  miner,  whose  duty  it  is  to  remedy  the  defect 
alleged  to  have  caused  the  injury,  knew  of  the  existence  of  the  defect 
or  the  negligence  and  thereafter  remained  or  continued  in  the  service 
and  was  injured ;  and  (3)  where  the  injured  miner  himself  committed 
the  negligent  act  causing  the  injury  complained  of,  and  by  this  mean- 
ing a  breach  of  some  duty  by  the  miner  whereby  the  defect,  or  negli- 
gence predicable  of  it,  was  caused  by  the  act  or  omission  of  the  ser- 
vant suffering  the  injury,  thus  negativing  in  that  respect  the  existence 
of  a  defense  based  on  assumption  of  risk  or  contributory  negligence 
other  than  may  arise  from  the  breach  of  duty  by  the  miner. 

Clinton  Mining  Co.  t\  Bradford  (Alabama),  69  Southern,  4,  p.  7,  May,  1915. 
See  Warrior  River  Coal  Co.  v.  Thompson  (Alabama),  69  Southern,  76,  p.  79, 
June,  1915. 

MINER   BEMAINING  IN   EMPLOYMENT — ^MEANING. 

The  expression  "to  remain  in  the  employment "  as  provided  in  sec- 
tion 3910,  Code  of  Alabama,  with  reference  to  the  defenses  of  con- 
tributory negligence  and  a^umption  of  risk,  signifies  continuing  in 
the  service  or  work  of  the  mine  operator  in  the  zone  of  possible 
danger  of  injury  to  the  miner,  who  then  knows  of  the  existence  of  the 
defect  or  negligence  to  which  under  other  sections  of  the  act  his  in- 
jury is  attributed  in  his  pleading. 

Clinton  Mln.  Co.  r.  Bradford  (Alabama),  69  Southern,  4,  p.  7,  May,  1915. 
DAMAGES  DIMINISHED  BY  CONTRIBtTTORY  NEGLIGENCE* 

An  action  by  a  miner  instituted  in  the  State  courts  of  Nevada,  or 
in  a  Federal  court  in  Nevada,  for  injuries  received  by  him  in  the  State 
of  California,  is  governed  by  the  laws  of  the  latter  State,  and  under 
the  statute  of  California  contributory  negligence  will  not  bar  a 
recovery  where  the  miner's  contributory  negligence  was  slight  and 
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that  of  the  mine  operator  gross  in  comparison,  and  in  such  case  the 
damages  may  be  diminished  by  the  jury  in  proportion  to  the  amount 
of  negligence  attributable  to  the  injured  miner. 

Keane  Wonder  Mining  CJo.  v.  Cunningham,  222  Federal,  821,  p.  824,  May,  1915. 

fah^ure  to  take  precaution  for  protection  of  life  not  a  defense — 

diminishing  damages — ^instructions. 

• 

A  complaint  in  an  action  by  an  injured  miner  against  a  coal-mining 
company  averred  that  the  company  was  engaged  in  mining  coal  at 
such  a  depth  as  to  render  the  work  inherently  dangerous  on  account 
of  the  liability  of  noxious  and  combustible  gases  to  accumulate,  which 
could  have  been  guarded  against  by  the  exercise  of  reasonable  care 
and  diligence,  and  that  the  company  failed  to  install  in  its  mine  suffi- 
cient ventilating  fans  and  air  shafts  to  dissipate  such  gases,  by  rea- 
son of  which  the  complainant,  employed  in  the  mine,  was,  on  entering 
a  room  of  the  mine  as  directed  by  the  company,  severely  burned  and 
injured  as  the  result  of  a  violent  explosion  occurring  at  that  time, 
brings  the  cause  of  action  within  the  provisions  of  the  statute  of 
Oregon  (sec,  6  of  the  employers'  liability  act),  to  the  effect  that  the 
contributory  negligence  of  the  person  injured  shall  not  be  a  defense, 
but  may  be  taken  into  account  by  the  jury  in  fixing  the  amount  of 
damages,  and  shows  that  the  mine  operator  did  not  comply  with 
section  1  of  the  statute  by  using  every  device,  care,  and  precaution 
practical  to  use  for  the  protection  and  safety  of  life  and  limb ;  and 
an  instruction  to  the  effect  that,  notwithstanding  the  negligence  or 
carelessness  of  the  mine  operator,  if  the  plaintiff  himself  has  been 
guilty  of  contributory  negligence,  such  negligence  as  proximately 
contributes  to  the  injury,  then  the  plaintiff  can  not  recover,  not- 
withstanding the  negligence  of  the  defendant,  is  erroneous  as  not 
stating  the  correct  rule  of  law  under  the  statute. 

Ralha  V.  Coos  Bay  Coal  &  Fuel  Co.  (Oregon),  149  Pacific,  »40,  June,  1915. 

APPORTIONMENT  OF  DAMAGES  ACCORDING  TO  WANT  OP  CARE. 

Under  the  employers'  liability  act  of  Oregon  (General  Laws  of 
Oregon,  1911,  chapter  3,  section  6)  contributory  negligence  of  an  in- 
jured miner  is  not  a  bar  to  a  recovery  of  damages  by  a  miner  for  an 
injury  resulting  from  the  alleged  negligence  of  the  mine  operator, 
but  the  measure  of  the  loss  occasioned  by  the  injury  is  apportioned 
ratably  between  the  parties  according  to  their  respective  want  of 
ordinary  care. 

Raiha  v.  Coob  Bay  Coal  &  Fuel  Co.  (Oregon),  151  Pacific,  471,  p.  472,  Septem* 
ber,  1915. 
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PRIMARY    AND    CONTRIBTTTORY    KEOUGBNCB — ^DISTINCTION    A    QUE8TIO!9 

OF  FACT. 

Under  a  constitutional  provision  requiring  it,  contributory  negli- 
gence is  a  question  which  the  court  must  nev^r  decide,  but  it  must 
be  submitted  to  a  jury  for  their  consideration ;  but  contributory  negli- 
gence on  the  part  of  a  plaintiff  presupposes  negligence  on  the  part 
of  a  defendant,  and  before  the  question  of  contributory  negligence 
on  the  part  of  the  plaintiff  can  arise  negligence  of  the  defendant 
must  first  be  shown ;  and  if  there  is  no  negligence  upon  the  part  of 
the  defendant  shown,  and  the  negligence  of  the  plaintiff  only,  or  of 
his  fellow  servant,  caused  the  injury,  then  such  negligence  is  primary 
and  not  contributory  negligence  on  the  part  of  the  employee,  and 
there  is  no  case  to  come  to  the  jury  where  the  primary  negligence  was 
caused  by  the  plaintiff  or  by  his  fellow  servant. 

Barnsdall  Oil  Go.  v.  Ohler  (Oklahoma),  150  Pacific,  98,  p.  103,  June,  1915. 

ACTION  FOR  INJURY  TO  MINER — SUFFICIENCT  OF  ANSWER  FI<EADINQ 

OONTRIBUTORT  NEGLIGENCE. 

In  an  action  by  a  miner  for  personal  injuries  occasioned  by  the 
alleged  negligence  of  the  mine  operator  under  section  3910  of  the 
Alabama  Code  of  1907,  making  a  mine  operator  liable  for  injuries 
to  a  miner  caused  by  any  defect  in  the  condition  of  the  ways,  works, 
machinery,  or  plant  of  the  operator,  and  providing  also  that  it  shall 
not  be  contributory  negligence  or  assumption  of  risk  on  the  part 
of  the  miner  to  remain  in  the  employment  of  the  operator  after 
knowledge  of  the  defect  or  negligence  causing  the  injury,  unless  it 
is  his  duty  to  remedy  the  defect  or  unless  he  committed  the  negligent 
act  causing  the  injury  complained  of,  an  answer  or  a  pleading  by 
the  operator  to  the  action  is  insufficient  where  it  avers  that  the  miner 
was  himself  guilty  of  negligence  which  proximately  contributed  to 
the  injury  and  that  at  the  time  he  sustained  the  injuries  complained 
of  he  was  engaged  in  mining  in  a  certain  heading  in  the  defendant's 
mine,  in  the  roof  of  which  near  the  place  at  which  he  was  at  work 
there  was  loose  rock  or  slate  likely  to  fall,  which  fact  and  the  danger 
to  plaintiff  arising  therefrom  was  known,  or  should  have  been  known 
to  him  in  the  exercise  of  due  care,  notwithstanding  which  plaintiff 
went  under  such  rock  or  loose  slate  and  the  same  fell,  striking  him 
and  causing  the  injury  complained  of,  is  insufficient  for  failing  to 
aver  that  the  plaintiff  was  under  the  duty  to  remedy  the  defect  de- 
scribed, or  for  failing  to  aver  that  he  himself  conamitted  the  alleged 
negligent  act  causing  the  injury  complained  of,  as  the  question  of 
contributory  negligence  imder  such  circumstances  is  a  defense  and 
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must  be  specially  pleaded,  under  the  rule  that  where  there  is  an  ex- 
ception in  a  subsequent  clause  or  a  subsequent  statute  it  is  a  matter  of 
defense,  to  be  pleaded  and  proved  by  the  defendant. 

Clinton  Mining  Co.  v.  Bradford  (Alabama),  69  Southern,  4,  p.  7,  May,  1915. 
See  Warrior  River  Coal  Co.  v.  Thompson  (Alabama),  09  Southern,  76,  p.  79, 
June,  1915. 

INJURY  FROM  FALLING  ROCK — ^ASSURANCES  OF  SAFETY  BY  MINE  BOSS. 

'  A  miner  injured  by  a  fall  of  rock  from  the  roof  of  an  entry  at  a 
roadway  in  a  mine  is  entitled  to  recover  under  the  Alabama  statute 
(section  3910,  subdivision  1,  code  of  1907)  where  it  appears  from  the 
evidence  that  the  miner  called  the  attention  of  the  mine  boss  to  the 
dangerous  condition  of  the  roof  under  the  roadway  and  the  mine 
boss,  after  an  examination  of  the  roof  at  the  particular  place,  assured 
the  miner  that  the  place  was  safe  and  that  supports  by  means  of  col- 
lars were  not  required,  and  where  on  such  assurance  the  miner  con- 
tinued work  and  was  injured  by  the  fall  of  rock,  and  in  such  case  the 
defense  of  contributory  negligence  is  not  available  to  the  operator. 

Warrior  River  Coal  Co.  v.  Thompson  (Alabama),  69  Southern,  76,  page  80, 
June,  1915. 

EFFECT  ON  ASSXrMPTION  OF  BISK. 
MINER  CAN  NOT  WAIVE  VIOLATION  OF  STATUTE. 

It  may  well  be  doubted  whether  a  miner  in  a  coal  mine  can  assume 
the  risk  incident  to  a  noncompliance  with  the  act  of  April  18,  1911, 
of  Alabama  (Acts  of  1911,  p.  500),  even  by  a  special  contract  sup- 
ported by  sufficient  consideration,  and  whether  such  a  contract 
would  not  be  void  as  contravening  the  public  policy  of  the  State; 
but  it  is  clear  that  in  the  absence  of  such  contract  a  miner  does  not 
assume  the  risk  by  continuing  at  his  work,  even  in  violation  of  rules 
promulgated  by  the  mine  owner  for  the  purpose  of  evading  the 
statute. 

Stlth  Coal  Co.  V.  Harris  (Alabama),  68  Southern,  797,  p.  798,  May,  1915. 

ACTION   TRANSITORY — STATCTTE  GOVERNING   AS  TO   ASSUMPTION   OF  RISK. 

An  action  by  a  miner  for  personal  injuries  is  transitory  and  main- 
tainable wherever  a  court  may  be  found  that  has  jurisdiction  of  the 
parties  and  the  subject  matter ;  and  such  an  action  brought  in  a  State 
court  of  Nevada  upon  a  cause  of  action  that  arose  in  California, 
subsequently  removed  to  the  United  States  district  court  of  Nevada, 
is  to  be  governed  by  the  statute  of  California,  which  provides  that 
assumption  of  risk  is  no  defense  to  an  action  of  such  nature. 

Keane  Wonder  Mining  Co.  r.  Cunningham,  222  Federal,  821,  p.  824,  May,  1915. 
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miner's  duty  to  prop  roof — ^ANSWER  OF  ASSUMPTION  OF  RISK. 

In  an  action  by  a  miner  for  injuries  caused  by  a  fall  of  rock  from 
the  roof  of  an  entry  or  room  where  he  was  working,  based  on  the 
statute  of  Alabama  (section  3910,  subdivision  1,  Code  of  1907),  an 
answer  or  pleading  by  the  defendant  operator  is  sufficient  where  it 
directly  avers  that  the  plaintiff  himself,  on  the  occasion  of  which  he 
complained,  was  the  particular  miner  or  servant  to  whom  was 
entrusted  the  duty  of  seeing  that  the  roof  of  the  entry  or  room  at 
the  particular  place  was  in  proper  condition  and  that  the  plaintiff 
undertook  to  perform  the  duty  so  entrusted  to  him. 

Warrior  River  Coal  Co.  r.  Thompson  (Alabama),  09  Southern,  76.^ p.  79,  June, 
1915. 

LIABILrrY  OP  OPERATOR  FOR  INJURY  TO  MINBR — ^ASSURANCES  OF  SAFETY. 

In  an  action  by  a  miner  for  injuries  caused  by  a  fall  of  rock  from 
the  roof,  on  the  ground  of  the  alleged  negligence  of  the  superin- 
tendent in  negligently  causing  or  permitting  the  roof  to  fall  upon 
and  injure  the  miner,  the  plaintiff  is  entitled  to  recover  under  the 
employers'  liability  act  of  Alabama  (section  3910,  Code  of  1907) ,  abro- 
gating the  defenses  of  assumption  of  risk  and  contributary  negli- 
gence, and  especially  where  there  was  evidence  to  show  that  the 
rock  fell  from  above  a  roadway  and  which  roadway  ought,  for 
safety,  to  have  been  supported  by  a  cross  collar,  and  where  it  ap- 
peared that  the  injured  miner  and  other  miners  were  prevented  from 
putting  in  such  collars  without  the  order  or  approval  of  the  mine 
boss,  and  where  the  injured  miner  had  reported  to  such  boss  the 
absence  and  need  of  collars  at  the  particularly  roadway,  and  where 
after  the  mine  boss  examined  and  inspected  the  place  informed  the 
miner  that  it  was  a  good  prop  and  that  collars  were  not  needed.   ' 

Warrior  River  Coal  Co.  r.  Thompson  (Alabama),  09  Southern,  76  p.  79,  June, 
1915. 

See  Clinton  Coal  Co.  i\  Bradford  (Alabama),  69  Southern,  4,  May,  19L5. 
GRATCriTOUS  SERVICE — SCOPE  OF  EMPLOYMENT. 

There  can  be  no  recovery  in  an  action  for  the  death  of  a  person  or 
employee  in  a  mine  employed  in  the  capacity  of  assistant  boss  driver, 
who  gratuitously,  or  without  proper  authorization,  undertook  to 
aid  in  the  work  of  repairing  a  wreck  in  the  mine,  and  in  so  doing 
handled  an  electric  wire  which  shocked  and  killed  him. 

Republic  Iron  &  Steel  Co.  v.  Quinton  (Alabama),  69  Southern,  604,  p.  605, 
July,  1915. 
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STATT7T0BY  ACTION  FOB  WB0NQFT7L  DEATH. 
KLECTION  TO  ACCEPT  UNDER  COMPENSATION  ACT — ^DEFENSE. 

In  an  action  for  the  wrongful  death  of  a  miner,  under  the  pro- 
visions of  the  statute  of  Arizona  giving  a  right  of  action  for  injuries 
resulting  in  death,  where  there  is  no  averment  in  the  complaint  as  to 
whether  or  not  the  deceased  miner  had  elected  to  accept  compensa- 
tion under  the  provisions  of  the  workmen's  compulsory  compensation 
act  of  Arizona,  the  fact  of  such  election  is  a  defensive  matter;  and 
if  not  raised  by  a  plea  or  answer,  it  is  waived  by  the  defendent,  the 
mine  operator. 

Behringer  v.  Inspiration  Ck)nsoHdated  Copper  Co.  (Arizona),  149  Pacific,  1065, 
July,  1915. 

ACTION  UNDER  ARIZONA  WORKMEN'S  COMPULSORT  COMPENSATION  LAW — 


employers'    liability    act — ^ELECTION    OF    REMEDIES. 

Under  the  Constitution  of  Arizona,  commanding  the  legislature  to 
pass  a  law  by  which  compulsory  compensation  shall  be  required  to  be 
paid  to  certain  workmen  for  personal  injuries,  but  leaving  it  optional 
with  the  workmen  to  settle  for  such  compensation  or  retain  the  right 
to  sue  as  otherwise  provided,  the  legislature  does  not  possess  power  to 
enlarge  the  mandate  of  the  constitution  so  as  to  authorize  the  per- 
sonal representative  of  a  deceased  miner  to  impose  on  his  heirs  and 
dependents  a  remedy  made  by  the  constitution  open  to  the  workman 
only ;  but  if  the  workman,  prior  to  his  death,  should  elect  to  settle 
for  compensation  and  thereafter  die  pending  the  settlement  with  the 
employer,  his  personal  representative  could  enforce  the  contract ;  but 
unless  there  was  an  election  of  this  remedy  in  the  lifetime  of  the  de- 
ceased miner  by  him,  the  personal  representative  can  not  maintain 
an  action  for  compensation,  as  the  employee  himself  must  elect  that 
remedy,  and  in  such  case  the  personal  representative  is  relegated  to 
an  action  for  damages  under  the  statute  of  Arizona  givning  a  right  of 
action  for  injuries  resulting,  in  death,  or  an  action  imder  the  em- 
ployers' liability  act,  according  as  the  facts  fall  within  the  one  or 
the  other  of  these  acts. 

Behringer  v.  Inspiration  Ck>n8oIidated  Copper  Co.  (Arizona),  149  Pncific,  1005, 
p.  1006,  July,  1915. 

SETTLEMENT  PROCURED  BY  FALSE  REPRESENTATIONS. 

Where  a  miner  was  killed  through  the  negligence  of  a  mine  boss  in 
selecting  the  more  dangerous  of  two  ways  in  attempting  to  make  safe 
the  roof  of  an  entry,  a  settlement  and  release  of  the  claim  against  the 
mine  operator  by  the  widow  of  the  deceased  miner  is  invalid  and 


60  MINING  DECISIONS. 

fraudulent  as  against  an  action  for  damages  where  the  agent  and 
representative  of  the  mine  operator  falsely  and  fraudulently  repre- 
sented to  such  widow  that  the  mine  operator  had  evidence  to  show 
that  the  deceased  miner  knew  the  dangers  of  the  roof  and  went  to 
work  under  it ;  that  the  attorneys  representing  the  widow  in  an  action 
for  damages  wholly  failed  in  other  similar  cases  within  the  knowl- 
edge of  such  agent  and  that  the  services  of  such  attorneys  were  of 
practically  no  value,  where  the  agent  and  representative  of  the  opera- 
tor knew  that  at  that  time  she  was  in  great  distress  on  account  of  the 
death  of  her  husband  and  her  destitute  condition  with  six  small  chil- 
dren to  support,  and  further  represented  that  if  she  went  to  law  and 
recovered  a  judgment  it  would  be  six  or  seven  years  before  she  would 
receive  anything,  and  that  her  lawyers  would  take  most  of  it  if  she 
recovered  a  judgment,  and  where  before  the  bringing  of  the  action 
she  repudiated  and  rescinded  the  settlement  and  tendered  back  the 
uncashed  check. 

Vandalla  Coal  Co.  t\  Alsopp  (Indiana  AppeUate),  109  Northeastern,  421,  p. 
422,  June,  li)15. 

FAILURE  TO  USE  APPLIANCES  TO  PREVENT  THE  ACCUMULATION  OF  GASES. 

It  is  the  duty  of  a  mine  operator  to  use  all  appliances  readily  ob- 
tainable for  the  prevention  of  accidents  arising  from  the  accumula- 
tion of  gas  or  other  explosives,  and  a  failure  on  the  part  of  the  opera- 
tor to  observe  that  duty  constitutes  negligence  on  his  part  for  which 
he  is  liable  for  an  injury  resulting  proximately  from  such  failure. 

Raiba  v.  Coos  Bay  Coal  &  Fuel  Co.  (Oregon),  151  Pacific,  471,  September, 
1915. 

MINES  AND  MINING  OPERATIONS. 

NEGLIGENCE  OB  OPEBATOB. 

NEGLIGENCE   DEFINED. 

Negligence  is  the  failure  to  do  what  ^  a  reasonably  prudent  person 
would  ordinarily  have  done  under  the  same  or  similar  circumstances, 
or  in  doing  what  a  reasonably  prudent  person  under  the  same  or 
similar  circumstances  would  not  have  done. 

Consolidated  Kansas  City  Smelting  &  Reflning  Co.  v.  Schulte  (Texas  Civil 
Appeals) ,  176  Southwestern,  04,  p.  95,  May,  1915. 

FAILURE  TO  FURNISH  PROPS — QUESTION  OF  FACT. 

Where  it  appeared  that  a  miner  marked  timbers  necessary  for  his 
use  on  the  morning  of  the  day  before  he  was  injured,  and  that  if  the 
timbers  had  been  promptly  delivered  the  roof  from  which  the  rock 
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fell  and  injured  the  miner  would  have  been  made  safe,  and  that  the 
timbers  were  not  delivered  until  the  afternoon  of  the  next  day  after 
they  were  ordered,  and  the  miner,  on  starting  to  move  the  timbers  in 
place  for  setting  them,  was  injured  by  the  fall  of  the  roof,  it  becomes 
a  question  of  fact  for  the  jury  as  to  whether  the  operator  was  guilty 
of  negligence  with  reference  to  delivering  the  timbers  and  as  to 
whether  such  negligence  was  the  proximate  cause  of  the  injury. 

Stith  Goal  Co.  v.  Harris  (Alabama),  68  Southern,  797,  p.  7d9,  May,  1915. 

In  an  action  by  a  miner  for  injuries  caused  by  slate  falling  from 
the  roof  of  the  room  of  an  entry  where  he  was  mining  coal,  and  where 
there  is  conflict  in  the  evidence  as  to  whether  it  was  the  duty  of  the 
miner  to  prop  the  roof  at  the  place  of  injury  or  to  sound  the  roof 
and  take  down  the  slate  if  he  found  it  loose,  and  if  the  conditions 
were  such  that  it  was  his  duty  to  prop  the  roof,  and  he  would  have 
propped  it  if  props  had  been  furnished,  and  the  mine  operator,  after 
the  miner  had  taken  proper  steps  to  obtain  the  props,  failed  to  fur- 
nish them,  and  by  reason  of  such  failure  the  miner  was  injured,  then 
he  would  be  entitled  to  recover,  unless  the  danger  from  lack  of  props 
was  so  obvious  and  imminent  that  an  ordinarily  prudent  person 
would  have  worked  under  the  circumstances. 

Peerless  Coal  Co.  v.  Copenhaver  (Kentucky),  176  Southwestern,  1002,  p.  1003, 
June,  1915. 

DUTY  TO  KEEP  ROOF  SAFE  CAN  NOT  BE  DELEGATED. 

A  mine  owner  and  operator  can  not  relieve  himself  of  liability  by 
committing  to  an  independent  contractor  the  performance  of  a 
specific  duty  it  owes  a  miner  employed  by  such  independent  con- 
tractor to  maintain  the  roof  of  an  entry  in  a  reasonably  safe  con- 
dition; and  whether  an  alleged  independent  contractor  was  such  or 
whether  he  was  an  employee  of  the  owner  and  operator,  the  owner 
and  operator  would  be  liable  for  an  injury  to  an  employee  if,  as  a 
proximate  consequence  of  his  negligence  in  leaving  the  roof  in  a 
dangerous  condition,  it  resulted  in  the  injury  to  the  miner,  as  the 
person  upon  whom  a  positive  duty  is  imposed  by  law  can  not  dele- 
gate in  any  manner  the  performance  of  that  duty  so  as  to  relieve 
himself  from  responsibility  for  the  condition  thus  created,  and  the 
duty  and  the  responsibility  rest  where  the  duty  is  imposed,  and  a 
principal  is  liable  for  any  injury  that  arises  from  the  nonperform- 
ance of  the  duty  or  in  consequence  of  it  having  been  negligently  per- 
formed either  by  himself  or  by  an  independent  contractor. 

Sloss-Sheffield  Steel  &  Iron  Co.  r.  Hubbard  (Alabama),  68  Southern,  571, 
p.  572,  May.  1915. 

Stith  Coal  Co.  v.  Harris  (Alabama),  68  Southern,  797,  p.  798,  May,  1915. 
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FAILURE  TO   INSTRUCT — MASTER'S   KNOWLEDGE   OF   SERVANT'S   INEXPERI- 
ENCE. 

In  order  to  hold  a  mine  operator  liable  for  injuries  to  a  miner  fol- 
lowing a  failure  to  warn  and  instruct  the  miner,  there  must  be  some 
evidence  tending  to  show  that  the  mine  operator  knew,  either  actu- 
ally or  constructively,  that  the  miner  was  not  experienced;  and  in 
order  to  hold  an  employer  negligent  on  constructive  knowledge  of 
inexperience  there  must  be  something  to  suggest  that  warning  and 
instruction  were  necessary. 

Batesel  v.  American  Zinc,  Lead  &  Smelting  Ck).  (Missouri  Appeals),  176 
Southwestern,  446,  p.  448,  May,  1915. 

BLASTING ^TAILURE  TO  GIVE  WARNING. 

In  an  action  by  a  miner  for  damages  caused  by  injuries  received 
through  the  alleged  negligence  of  a  mine  operator  in  blasting  it  is 
error  as  a  matter  of  law  for  the  court  to  instruct  the  jury  trying 
the  case  that  the  failure  of  the  operator  to  give  warning  that  the 
blast  was  about  to  be  fired  constituted  negligence  on  its  part,  as  the 
(luestion  of  negligence  is  a  question  of  fact  to  be  determined  by  the 
jury;  and  where  all  the  evidence  together  shows  that  the  blasts  were 
fired  before  the  miners  came  to  work  in  the  morning,  or  at  noon, 
when  they  were  away  from  work,  or  in  the  evening  after  they  quit 
work,  and  that  such  blasts  were  always  fired  in  the  daytime  because 
it  was  dangerous  to  work  with  dynamite  by  artificial  light,  and  that 
warning  was  given  to  miners  and  employees  who  worked  in  the  im- 
mediate vicinity,  thus  showing  that  the  time  selected  for  blasting  was 
such  that  it  was  not  reasonable  to  anticipate  that  miners  would  be  in 
the  vicinity;  and  where  it  also  appears  that  the  injured  miner  did  not 
work  at  the  place  where  the  blasting  was  done,  but  only  passed  in 
going  to  and  from  his  work,  it  can  not,  therefore,  be  said  as  a  matter 
of  law  that  the  operator  should  have  i-easonably  expected  the  miner 
to  be  within  range  of  the  explosion,  and  the  entire  question  should  be 
submitted  to  the  jury  for  its  determination. 

American  Bauxite  CJo.  v,  Dunn  (Arkansas),  178  Southwestern,  d34,  p.  935, 
July,  1915. 

OP£RATOR  DIRECTING  EMPLOYEE  TO  WORK  IN  DANGEROUS  PLACE. 

A  mine  operator  \vho  directs  a  miner  or  employee  to  work  in  a 
trench  in  connection  with  the  improvement  and  operation  of  the  min- 
ing property  and  fails  to  take  the  proper  steps  to  prop  the  bank  of 
the  trench  to  prevent  caving,  is  guilty  of  negligence'^nd  liable  for  an 
injury  to  the  employee  if  the  conditions  were  such  that  an  ordinarily 
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prudent  man  would  have  taken  steps  to  obviate  the  fault ;  and  in  such 
case  the  question  of  negligence  is  one  of  fact  for  a  jury  to  determine. 

Barnhart  r.  Waverly  Brick  &  Coal  Ck>.  (Missouri  Appeals),  176  Southwest- 
ern, 1108,  p.  1110,  May,  1915. 

liAYING  PIFE  LINES  ON  SURFACE  OF  GROUND — ^LIABILITY  FOR  INJURY. 

A  person  or  corporation  transporting  natural  gas  in  pipe  lines  laid 
on  the  ground  in  a  public  highway  must  exercise  the  highest  degree 
of  care  to  avoid  injuries  to  those  using  the  highway;  and  where  an 
explosion  was  caused  by  a  traction  engine  being  driven  over  the  pipe 
line  and  breaking  it,  and  where  the  pipe  line,  covered  with  growing 
grass  and  weeds,  was  laid  on  the  ground  in  the  highway  some  7  feet 
from  a  hedge  fence,  a  court  may  refuse  to  admit  evidence  tending  to 
show  that  other  persons  and  corporations  engaged  in  the  transporta- 
tion of  natural  gas  did  so  by  the  means  of  pipe  lines  laid  on  the 
ground  in  public  highways,  as  a  person  or  corporation  who  main- 
tains an  exposed  gas  pipe  through  which  natural  gas  is  flowing  on 
the  surface  of  the  ground  within  the  limits  of  the  public  highway 
does  an  unlawful  act  and  is  liable  in  damages  to  one  who  without  his 
fault  breaks  the  pipe  by  driving  a  traction  engine  over  it  and  is 
injured  by  an  explosion  of  escaping  gas. 

Murphy  v,  Ludowicl  Gas  &  Oil  Go.  (Kansas),  150 Pacific,  581,  p.  584,  July,  1015. 

« 

EMPLOYMENT  OF  DISEASED  CONVICT — ^LIABILITY  FOR  DEATH. 

In  an  action  for  damages  for  the  death  of  a  convict  employed  by  a 
mine  operator,  where  it  was  averred  in  the  complaint  that  the  serv- 
ants of  the  operator,  within  the  line  and  within  the  scope  of  their 
duties,  negligently  put  the  intestate  to  work  in  mines  while  his  feet 
were  sore  and  the  skin  on  his  feet  and  ankles  broken  and  punctured, 
and  his  feet  thus  exposed  to  dirt  and  cold  and  water,  by  reason  of 
which  and  as  a  proximate  result  thereof  he  became  sick  and  died,  the 
plaintiff,  in  order  to  show  the  negligence  charged  as  a  proximate 
cause  of  the  death  of  the  convict,  must  show  that  the  servants  and 
agents  of  the  operator  knew  of  the  condition  of  the  convict's  feet  and 
ankles,  or  that  they  were  guilty  of  negligence  in  not  first  ascertaining 
the  condition  of  his  feet  and  ankles,  and  where  it  appears  that  the 
condition  of  his  feet  and  ankles  was  not  open  to  ordinary  observa- 
tion. It  was  not  the  duty  of  the  mine  operator  or  of  its  servants  and 
agents  to  make  daily  or  frequent  inspection  of  the  convicts  for  the 
alleged  ailments  or  troubles,  and  the  operator  and  its  agents  had  the 
right  to  assume  that  if  the  convict's  feet  and  ankles  were  sore  or 
swollen  or  pained  him,  he  would  have  made  the  fact  known  to  them. 

Pratt  Consolidated  Coal  Go.  v,  Bozeman  (Alabama),  68  Southern,  887,  May, 
1915. 
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^aGHT  OF  INJUBED  RESCUER  TO  RECOVER. 

A  person  who  attempts  to  rescue  another  who  has  been  put  in  peril 
by  the  negligence  of  a  third  person  may  maintain  a  cause  of  action 
against  such  third  person  for  injuries  sustained  in  attempting  the 
rescue ;  but  this  right  of  action  rests  entirely  upon  the  ground  that  the 
peril  to  which  the  person  was  exposed  was  caused  by  the  negligence 
of  such  third  person  sought  to  be  made  liable  in  damages. 

Taylor  Coal  Co.  v.  Porter  (Kentucky),  175  Southwestern,  1014,  p.  1017,  May, 
1915. 

SCOPE    OF    EMPLOYMENT — MINER    KILLED    WHILE    WORKING   OUTSIDE   OF 

EMPLOYMENT. 

While  the  boss  driver  can  not  be  presumed  to  have  any  right  to 
order  his  assistant  to  take  part  in  the  work  of  repairing  a  wreck  of 
trip  cars,  this  being  a  distant  branch  of  the  mining  service  and  out- 
side of  the  scope  of  the  boss  driver  or  his  assistant,  yet  a  court  may 
presume  that  the  boss  driver  had  authority  to  suspend  his  assistant 
from  his  regular  employment  and  place  him  under  the  orders  of  a 
bank  boss,  a  common  superior,  for  any  particular  service  for  which 
he  might  be  needed  and  as  to  which  such  bank  boss  might  command 
or  expect  his  service,  and  where  such  assistant  boss  driver  was  killed 
while  aiding  in  such  work  outside  of  the  scope  of  his  employment  the 
operator  may  be  liable  for  his  death,  if  it  is  shown  that  the  bank  boss 
ordered  such  assistant  boss  driver  to  perform  the  service  he  was 
rendering  at  the  time  he  was  killed,  or  if  the  bank  boss  impliedly 
authorized  it  by  knowingly  accepting  the  service,  then  the  operator 
would  be  liable  for  the  death  of  such  assistant  boss  driver. 

Kepublic  Iron  &  Steel  Co.  v,  Qulnton  (Alabama),  69  Southern,  604,  p.  606, 
July,  1915. 

INJURY  TO  SERVANT — THEORY  OF  CASE  NOT  CHANGED  ON  APPEAL. 

Where  a  case  was  tried  on  the  theory  that  the  plaintiflf,  an  injured 
miner,  was  an  employee  in  the  capacity  of  a  servant  of  the  operator 
and  where  the  defendant  procured  the  court  to  instruct  the  jury  on 
the  theory  that  the  plaintiff  was  such  servant,  the  operator  can  not, 
on  appeal  from  a  judgment  for  damages,  insist  that  the  injured  miner 
was  an  independent  contractor. 

Clinton  Mining  Co.  v.  Bradford  (Alabama),  69  Southern,  4,  page  6,  May,  1915. 

ACTIONS  FOR  DAMAGES  FROM  ASSAULT  AND  BATTERY — GUARDS  ACTING 

WITHIN  SCOPE  OF  EMPLOYMENT. 

In  an  action  by  a  person  injured  by  an  assault  made  by  agents, 
employees,  and  guards  of  a  mining  company,  the  mining  company 
may  be  held  responsible  in  damages  if  the  guards  and  employees 
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acted  within  the  general  scope  of  their  authority,  although  they  acted 
wantonly;  and  when  the  evidence  and  circumstances  were  open  to 
conflicting  inferences  the  question  whether  their  acts  were  within  the 
scope  of  the  agents'  authority  is  one  of  fact  for  the  jury. 

PenDsylvania  Mining  Go.  v,  Parnigan,  222  Federal,  889,  p.  891,  Marcli,  1915. 

UABILITT  VOR  SLANDER  UTTERED  BY  OFFICER. 

A  mining  corporation  is  not  liable  for  a  slander  uttered  by  an 
officer,  though  he  is  acting  honestly  for  the  benefit  of  the  company 
and  within  the  scope  of  his  duties,  unless  the  evidence  shows  that 
the  corporation  expressly  ordered  and  directed  the  officer  to  say  the 
particular  words  used,  as  a  slander  is  the  volimtary  and  tortious  act 
of  the  speaker. 

Republic  Iron  &  Steel  Co.  v.  Self  (Alabama),  68  Southern,  328,  April,  1915. 

ACTIONS— PLEADING  AND  FBOOF  OF  NEGLIGENCE. 

PliEADIKG  NEGLIGENCE — SUFFICIENCY  OP  COMPLAINT. 

In  an  action  for  damages  for  the  death  of  a  miner,  caused  by  the 
alleged  negligence  of  a  mine  operator,  the  declaration  is  insufficient 
where  there  is  no  averment  of  any  particular  act  or  acts  of  omission 
to  perform  a  duty  required  by  law  which,  either  singly  or  concur- 
rently, can,  within  the  established  law  upon  the  subject,  be  properly 
counted  the  proximate  cause  of  the  injury  complained  of,  and  where 
it  is  impossible  to  tell  whether  the  liability,  in  the  mind  of  the 
pleader,  is  of  statutory  or  common-law  origin,  whether  founded 
on  defects  inherently  in  the  plan,  construction,  or  equipment  of  the 
colliery,  or  one  arising  from  wear  and  tear,  or  whether  the  case 
intended  is  one  of  improper  supervision,  and  if  the  latter,  whether  the 
deficiency  in  that  respect  lay  in  the  number,  fitness,  or  inattention  of 
the  servants  in  charge,  and  the  identity  of  the  servants  is  not  made  to 
appear ;  and  especially  where  the  pleading  proceeds  upon  the  theory 
that  the  law  requires  the  operator  to  give  his  miners  an  absolutely  safe 
place  in  which  to  work  and  immediately  to  warn  them  of  any  impend- 
ing danger,  overlooking  the  fact  that  the  requirement  is  reasonable, 
safety  only  to  be  secured  by  reasonable  care  under  the  circumstances. 

Ghamogurslcy  v,  Price-Pancoast  Ck)al  Co.  (Pennsylvania),  94  Atlantic,  451, 
p.  452,  March,  1915. 

PIjEADING — ^DEFECTIVE    TRACKS — ^ALXiEGATION    SUFFICIENT    TO    SHOW 

NEGLIGENCE. 

A  complaint  in  an  action  by  a  miner  for  injuries  which  averred 
that  the  injuries  were  caused  by  a  defect  in  the  ways,  works, 
machinery,  or  plant  of  the  defendant  operator,  and  averred  that  the 
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track  of  a  tram-car  road  used  by  the  operator  at  or  near  where  the 
plaintiff  was  injured  was  defective  and  that  the  defect  arose  from  or 
had  not  been  remedied  owing  to  the  negligence  of  the  operator  or  of 
some  person  in  the  service  or  employment  of  the  operator  and  in- 
trusted by  him  with  the  duty  of  seeing  that  the  ways,  works, 
machinery,  or  plant  were  in  proper  condition  is  sufficient  to  show  to 
a  common  intent  that  the  gravamen  of  the  pleading  is  the  negligence 
of  the  operator  or  his  servants  to  whom  has  been  committed  the  duty 
of  maintaining  such  tram  track  on  which  the  plaintiff  was  working 
and  limits  the  proof  to  the  question  of  negligence  with  reference  to 
maintaining  the  tram  track  and  sufficiently  states  a  cause  of  action. 

Binnlngham  Fuel  Go.  v.  Stocks  (Alabama),  68  Southern,  568,  May,  1915. 

ACTTION  AGAINST  CORPORATION  FOR  PERSONAL.  INJURIES — VENUE. 

Section  6112  of  the  Code  of  Alabama  authorizes  all  suits  against 
mining  corporations  or  corporations  generally  in  any  county  where 
they  do  business  by  an  agent,  except  as  to  actions  for  personal  in- 
juries, and  these  must  be  brought  in  the  county  in  which  the  injury 
occurred  or  in  the  county  in  which  the  plaintiff  resides,  if  the  offend- 
ing corporation  does  business  by  an  agent  in  the  county  of  the  plain- 
tiff's residence;  and  this  section  authorizes  an  action  by  an  injured 
miner  to  be  brought  in  the  county  where  the  injury  occurred,  wh^her 
the  corporation  did  business  other  than  by  an  agent  or  not. 

American  Ck>al  Corporation  v.  Roux  (Alabama),  68  Southern,  070,  May,  1915. 

NEGLIGENCE  OF  OPERATOR  OR  INDEFENDENT  CONTRACTOR— QUESTION  OF 

FACT. 

In  an  action  against  a  coal-mine  operator  for  the  death  of  a  miner 
caused  by  the  fall  of  rock  from  the  roof  of  the  mine,  it  becomes  a 
({uestion  of  fact  to  be  determined  by  the  jury  trying  the  case  whether 
the  proximate  cause  of  the  miner's  death  was  due  to  the  negligence  of 
the  mine  operator  or  whether  the  mine  was  operated  by  an  inde- 
pendent contractor  and  for  whose  negligence  the  mine  operator  was 
not  responsible ;  and  where  the  evidence  shows  a  written  lease  from 
the  mine  owner  by  which  the  mine  was  leased  to  a  third  person 
named,  to  be  operated  by  him,  but  where  the  evidence  shows  also  that 
the  mine  operator  issued  checks  to  the  miners  in  its  own  name  in  pay- 
ment for  labor  and  that  such  checks  were  good  in  the  purchase  of 
merchandise  at  the  commissaries  of  the  mine  operator  and  that  the 
mine  operator  deducted  from  the  miners'  wages  certain  insurance 
premiums,  as  shown  by  the  records  of  the  timekeeper  of  the  mine 
operator,  and  that  the  checks  for  time  or  wages  were  turned  in  at  the 
oflSce  of  the  mine  operator  and  the  money  was  paid  thereon  by  the 
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operator,  and  that  the  mine  was  in  fact  owned  by  the  defendant  op- 
erator, and  that  the  mules  and  cars  used  for  hauling  coal  belonged  to 
the  operator  and  that  the  alleged  lessee  had  before  that  time  been 
employed  by  and  worked  for  the  mine  operator,  though  at  the  time 
of  the  alleged  injury  he  had  an  office  next  to  the  office  of  the  mine 
operator  where  the  time  of  the  miners  was  turned  in  and  kept,  and 
that  the  miners  went  directly  from  such  office  to  that  of  the  mine 
operator  and  got  checks  in  payment  for  time  employed  or  labor  per- 
formed, it  Was  error  for  the  court  to  charge  the  jury  that  such  lessee 
was  an  independent  contractor. 
Amerson  v.  Corona  Goal  &  Iron  Co.  (Alabama),  09  Southern,  601,  June,  1915. 

OOMPIiAINT    rOR    DAMAGES    FOR    ASSAULT — ^ADMISSIBILITY    OF    EVIDENCE. 

In  an  action  by  a  union  leader  and  organizer  against  a  mining 
company  for  damages  for  injuries  caused  by  an  assault  by  the  de- 
fendant's employees  where  the  complaint  charged  that  the  defendant 
stationed  at  his  mine  certain  named  persons,  agents,  and  employees 
for  the  purpose  of  guarding  and  protecting  the  property,  and  while 
such  agents  and  employees  were  acting  within  the  general  scope  of 
their  employment,  assisted  by  and  under  the  personal  guidance  and 
direction  of  the  defendant  superintendent,  they  waylaid  the  plaintiff 
while  on  the  public  highway  and  with  deadly  weapons  unlawfully, 
wantonly,  wickedly,  and  maliciously  beat,  bruised,  and  wounded 
him,  an  objection  to  the  introduction  of  evidence  on  the  ground  that 
the  complaint  failed  to  state  a  cause  of  action  is  unavailing  as  against 
such  an  attack,  every  reasonable  intendment  will  be  indulged. 

Pennsylvania  Mining  CJo.  t\  Jamigan,  222  Federal,  889,  p.  890,  March,  1915. 

MAINTAININa  BANGEBOUS  PLACE. 
DUTY   TO    FURNISH    SAFE   PLACE — NONDELEGABLE    DUTY. 

The  duty  of  a  master  or  mine  operator  to  provide  a  safe  working 
place  and  machinery  for  his  employees  can  not  be  delegated  so  as  to 
absolve  him  from  liability  in  case  of  failure  of  a  vice  principal  to 
perform  such  duty. 

Mace  V.  Carolina  Mineral  Co.  (North  CaroUna),  85  Southeastern,  152,  p. 
154,  May,  1915. 

SAFE  PLACE   AND  APPLIANCES  FURNISHED— PERSONAL  SUPERINTENDENCE 

NOT  REQUIRED. 

« 

A  mine  operator  who  furnishes  a  safe  place,  proper  machinery  and 
appliances,  and  competent  men  to  perform  the  work,  is  not  required 
to  personally  superintend  all  the  details  of  the  work  and  can  not  be 
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held  liable  for  every  negligent  act  of  his  employees  in  the  use  of  sadi 
machinery  and  appliances. 

Lathi  V.  Tamarack  Mining  Ck).  (Michigan),  152  Northwestern,  907,  p.  910. 
June,  1915. 

OPEN  SHAFT — DUTY  AND  LIABILITY. 

A  coal  company  is  not  guilty  of  negligence,  in  the  absence  of  a 
statute,  in  failing  to  have  a  shaft  of  an  abandoned  mine  filled  up  or 
covered  where  it  was  sufficiently  inclosed  to  prevent  persons  from 
falling  into  it.  Section  4359  of  the  K^itucky  statutes  providing 
that  wells  and  pits  sunk  for  salt  water,  or  for  any  other  purpose, 
when  abandoned  or  not  in  use,  shall  be  filled  up  or  inclosed,  applies 
only  to  salt  or  saltpeter  works,  as  shown  by  the  title  and  body  of  the 
act,  and  does  not  apply  to  shafts  in  abandoned  coal  mines. 

Taylor  Coal  Co.  v.  Porter  (Kentucky),  175  Southwestern,  1014,  p.  1016; 
May,  1915. 

SAFETY  OF  PLACE  A  QUESTION  OF  FACT. 

Where  it  is  made  to  appear  that  a  rock  which  fell  from  the  roof 
and  injured  a  miner  was  loose  and  dangerous  when  he  went  to  the 
entry  or  station  to  go  to  work,  and  was  not  in  fact  loosened  by  the 
very  work  which  the  miner  was  doing,  then  the  miner  would  be  en- 
titled to  recover  for  the  alleged  injury;  but  if  the  miner  either  by  a 
shot  or  otherwise  made  the  rock  loose  and  dangerous  by  the  work 
which  he  did,  then  the  mine  operator  would  not  be  liable  for  the  re- 
sulting injury;  but  neither  of  these  conditions  is  a  question  of  law 

for  a  court  to  determine,  but  is  one  of  the  fact  for  the  jury  on  the  trial 
of  the  case. 

Zelavin  v,  TonoiMih  Belmont  Development  Co.  (Nevada),  149  Pacific,  188,  p. 
190,  June,  1915. 

DEATH  OF  RESCUER — ^LIABIUTY  OF  MINE  OPERATOR. 

The  fact  that  a  coal  company  knew,  or  in  the  exercise  of  ordinary 
care  could  have  known,  that  black  damp  had  accumulated  in  a  shaft 
into  an  abandoned  mine  is  not  sufficient  to  establish  negligence  and 
render  the  company  liable  for  the  death  of  a  person  occasioned  by 
an  accumulation  of  such  black  damp  and  poisonous  gas  in  the  shaft, 
where  the  person  losing  his  life  voluntarily  entered  and  went  down 
the  shaft  for  the  purpose  of  rescuing  a  fellow  workman  who  had 
gone  into  the  shaft  and  had  been  overcome  .by  the  poisonous  gas,  as 
the  coal  company  could  not  have  anticipated  that  the  accident  in 
which  such  person  lost  his  life  would  have  happened  in  the  manner 
it  did,  and  as  the  character  of  the  accident  was  such  that  no  amount 
of  care  short  of  filling  up  or  cleaning  the  shaft  could  have  guarded 


MINES  AND  MINING  OPERATIONS.  69 

against  it,  and  the  coal  company,  so  far  as  the  evidence  showed,  was 
under  no  duty  to  do  either. 

Taylor  CJoal  Co.  v.  Porter  (Kentucky),  175  Southwestern,  1014,  p.  1016,  May, 
1915. 

DETBCnVE  APPLIANCES. 
FAILUBE  TO  INSPECT — ^PROXIMATE  CAUSE. 

In  an  action  by  a  miner  for  injuries  caused  by  a  defective  skip  or 
improper  operation  of  a  skip,  and  where  there  was  an  averment  in* 
the  declaration  to  the  effect  that  it  was  the  duty  of  the  mine  operator 
to  provide  and  maintain  a  proper  and  suitable  signaling  apparatus, 
including  a  reasonably  safe  signal-bell  line  and  bell,  for  the  purpose 
of  notifying  and  conveying  signals  from  the  men  underground  to 
the  engineer,  and  alleging  a  negligent  failure  to  furnish  and  main- 
tain such  suitable  signaling  apparatus,  and  negligently  failing  to  in- 
spect and  repair  the  same,  these  are  sufficient  allegations  to  admit 
testimony  relative  to  the  inspection  of  the  signaling  apparatus  by 
the  mine  operator.  But  conceding  that  the  signaling  apparatus 
should  have  been  inspected  from  time  to  time  and  conceding  a  fail- 
ure to  so  inspect,  yet  in  the  absence  of  testimony  tending  to  prove 
that  it  was  not  in  working  order,  or  that  the  failure  to  so  inspect 
caused  or  contributed  to  the  injury,  and  where,  on  the  other  hand,  the 
testimony  shows  the  signaling  service  to  have  been  in  working  order 
and  that  the  skip  was  operated  in  obedience  to  signals,  the  plaintiff 
under  such  allegations  in  his  declaration  is  not  entitled  to  recover. 

Paskovan  v,  Allouez  Mining  Co.  (Micliigan),  153  Northwestern,  6S4,  p.  685, 
July,  1915. 

USING  DEFECTIVE  SKIP.. 

A  mine  operator  can  not  escape  liability  for  damages  for  the  death 
of  a  miner  caused  by  the  use  of  a  skip  while  carrying  miners  out 
of  a  mine  on  the  ground  that  a  rule  existed  prohibiting  miners  from 
riding  out  of  the  mine  on  the  skip,  where  the  testimony  of  the 
employees  is  to  tibe  effect  that  they  knew  nothing  of  the  existence 
of  a  rule  forbidding  them  to  use  the  skip  and  where  the  mine  owner 
himself  and  his  foreman  set  the  example  and  rode  in  the  skip 
several  times,  using  the  same  signals  which  had  been  used  for  a 
bucket  previously  in  use  and  where  it  also  appears  that  the  skip 
could  easily  have  been  made  safe  and  thereby  prevented  the  accident. 

Hardister  v,  Richardson  (North  Carolina),  85  Southeastern,  304,  p.  305, 
May,  1915. 

FAXLUKE  TO  DISCOVER  DEFECTS  IN  TRAM  TRACKS — LIABIUTT. 

In  an  action  by  a  miner  for  injuries  caused  by  tramcars,  and 
because  of  a  defect  in  the  tram  track  that  rendered  its  use  hazardous, 
proof  of  notice  of  such  defect  to  the  mine  operator  is  not  essential 
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to  liability,  as  it  is  the  duty  of  the  operator  to  discover  and  remedy 
such  defects,  and  negligent  failure  to  discover  is  as  potent  in  sus- 
taining the  plaintifTs  case  as  negligent  failure  to  remedy,  and  either 
is  sufficient  to  sustain  a  cause  of  action  by  a  miner  for  injuries 
caused  by  tramcar  on  such  defective  track. 

Birmingham  Fuel  Co.  v.  Stocks  (Alabama),  68  Southern,  568,  May,  1915. 

DBPECnVE   LINK — ^FAILURE  TO   INSPECT. 

In  an  action  by  a  miner  for  personal  injuries  caused  by  a  broken 
link  in  a  chain  and  where  there  are  certain  signs  on  the  exterior  of 
the  link  indicating  imperfect  welding  and  the  real  fault  would 
have  been  fully  exposed  by  a  due  inspection  and  test  before  the  acci- 
dent, the  fault  or  defect  is  a  structural  defect  of  which  the  em- 
ployer is  presumed  to  have  knowledge,  and  if  the  defect  shows 
exterior  signs  which  render  it  ascertainable  by  reasonable  inspection 
it  is  to  all  intents  and  purposes  patent  and  the  rule  applicable  to 
that  dass  of  defects  governs. 

Case  17.  Lehigh  Valley  Coal  &  Navigation  Co.  (Pennsylvania),  94  Atlantic, 
252,  p.  253,  March,  1915. 

FAIUNO  TO  EQUIP  GARS  WITH  AXTrOMATIG  CX>I7FIiERB. 

A  mine  owner  and  smelter  operator  using  locomotives  and  cars 
running  on  tracks  can  not  avoid  a  charge  of  negligence  in  failing 
to  use  automatic  couplers,  because  such  locomotives  and  cars  are 
operated  entirely  in  his  own  yards  and  by  him  as  a  private  car- 
rier, or  because  of  the  fact  that  its  locomotives  and  cars  were 
smaller  and  the  track  narrower  than  standard  gage,  as  it  is  in  all 
essential  respects  a  railroad. 

Consolidated  Kansas  City  Smelting  &  Refining  Co.  r.  Schulte  (Texas  Civil 
Appeals),  176  Southwestern,  94,  p.  95,  May,  1915. 

LIABILITY  FOB  NEGLIGENCE  OF  FELLQW  SEBVANT* 
NEGLIQENOE  OF  TRIP  DRIVER — QUESTION  OF  FACT. 

Where  a  track  repairer  in  a  mine  was  directed  to  get  his  tcNols,  put 
them  on  a  trip,  and  bring  them  to  a  certain  designated  place,  and 
while  so  doing  and  while  riding  on  the  bumpers  of  the  rear  car  was 
injured  by  reason  of  the  sudden  stopping  of  the  trip  traveling  at 
a  high  rate  of  speed,  and  the  car  thereby  caused  to  kick  up  so  sud- 
denly that  his  head  came  in  contact  with  the  roof  of  the  mine,  and 
was  thereby  injured,  the  question  of  the  negligence  of  the  trip 
driver  in  running  the  cars  at  too  great  a  rate  of  speed  and  in  sud- 
denly stopping  the  motor,  causing  the  car  to  kick  up,  is  to  be 
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submitted  to  and  tried  by  a  jury,  and  a  court  will  approve  a  finding 
of  a  jury  on  the  question  of  negligence  under  such  circumstances. 

St.  Bernard  Mining  Oo.  v.  Ashby  (Kentucky),  175  Southwestern,  626, 
AprU,  1915. 

EMFLOTEES  MAKING  THEIR  WORKING   PLACE  AND  APPLIANCES. 

Where  an  oil-drilling  company  did  not  undertake  the  duty  of  fur- 
nishing such  a  structure  as  a  tubing  board,  but  merely  supplied  suit- 
able materials  and  reasonably  competent  fellow  servants  by  which  a 
tubing  board  could  be  constructed  and  reasonably  adapted  to  the 
work,  and  where  the  duty  of  installing  such  tubing  board  as  an  appli- 
ance for  use  was  intrusted  or  assumed  by  the  employees  themselves, 
the  employer  is  not  answerable  to  one  of  such  employees  for  the  neg- 
ligence of  himself  or  of  a  fellow  employee  in  the  construction  of  such 
tubing  board ;  but  if  the  employee  had  been  sent  upon  a  tubing  board 
already  fixed  and  placed  in  the  derrick,  or  if  he  had  been  sent  to  use 
a  tubing  board  in  his  work  which  the  oil  company  undertook  to  in- 
stall, or  where  the  oil  company  undertook  either  in  person  or  through 
another  employee  to  supervise  the  installation,  and  an  injury  resulted, 
the  rule  would  be  otherwise. 

Bamsdall  OU  Ck>.  v.  Ohier  (Oklahoma),  150  Pacific,  dS,  p.  100,  June,  1915. 

MINERS  MAKING  THEIR  OWN  APPLIANCES. 

Where  an  oil  company  provided  an  adequate  and  readily  accessible 
stock  of  appliances  in  good  condition  from  which  to  make  a  selection, 
and  the  imperfection  of  an  instrumentality  selected  therefrom  was  or 
ought  to  have  been  apparent  to  the  employee  who  selected  it,  the  oil 
company  can  not  be  held  responsible  for  injuries  which  were  caused 
by  the  instrumentality,  whether  the  injured  person  was  himself  the 
enaployee  who  made  the  selection  or  whether  it  was  done  by  a 
coemployee. 

Barnsdall  OU  Co.  v.  Ohler  (Oklahoma),  150  Pacific,  98,  p.  101,  June,  1915. 

FAILURE  OP  TRIP  DRIVER  TO  LIGHT  CARS — ^INJURY  TO  MINER  IN  HAULAGE- 
WAY. 

A  crosscut  in  a  mine  was  used  as  a  haulageway  for  hauling  ore 
from  the  working  places  in  the  mine  to  the  foot  of  the  shaft  and  also 
for  a  passageway  for  the  miners  going  from  the  shaft  to  their  place 
of  work  and  was  unlighted  except  by  miners'  lamps.  The  cars  were 
drawn  by  a  cable  which  ran  over  a  series  of  rollers  at  stated  distances 
along  the  track  and  also  over  or  around  a  wheel  at  the  base  of  the 
shaft,  and  the  loaded  cars  when  drawn  by  this  cable  traveled  ordi- 
narily at  a  speed  somewhat  faster  than  a  man  walks.    The  conductor. 
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the  man  accompanying  each  trip  of  cars,  was  required  to  display  a 
light  as  a  warning  to  the  miners  of  the  approach  of  the  cars,  and  it 
was  customary  for  the  conductor  to  have  a  light  on  the  front  end  of 
the  front  car  as  a  signal  to  miners  using  the  passage.  While  this 
crosscut  was  straight,  so  that  a  light  could  be  seen  through  its  entire 
distance,  yet  a  miner  passing  from  the  shaft  into  the  crosscut  could 
ascertain  whether  or  not  cars  were  running  by  looking  at  the  wheel 
around  or  over  which  the  cable  ran  and  could  tell  the  direction  in 
which  the  cars  were  rimning  by  feeling  the  rope  back  of  the  wheel  or 
by  putting  his  foot  on  it,  as  well  as  by  watching  the  light.  The 
light  used  as  a  signal  was  not  permanently  attached  to  any  car,  but 
there  was  a  little  hole  on  the  end  of  the  car  to  hook  on  the  lamp,  and 
it  was  the  duty  of  the  conductor  accompanying  the  trip  to  attach  the 
light  to  the  car  by  placing  the  hook  on  the  lamp  in  the  hole;  the 
conductor  also  carried  a  lamp  of  his  own  on  his  hat.  On  a  particular 
trip  the  lamp  placed  by  a  conductor  on  the  front  end  of  the  head  car 
was  broken  at  or  near  the  point  where  he  started  with  the  loaded 
trip,  and  he  ran  the  cars  into  the  crosscut  without  renewing  the  light 
at  the  front  end  of  the  car.  During  this  time  two  miners  Altered  the 
crosscut  from  the  base  of  the  shaft,  one  of  them  feeling  the  rope  with 
his  hand  and  the  other  with  his  foot,  and  discovered  that  it  was  not 
moving  and  proceeded  through  the  crosscut,  and  while  so  doing  were 
met  and  injured  by  the  trip  of  loaded  cars  without  any  light  or  signal 
on  the  front  car  and  with  no  light  other  than  that  on  the  hat  of  the 
conductor,  who  at  the  time  was  on  the  rear  end  of  the  second  car  with 
his  head  or  hat  but  slightly  above  the  top  of  the  car.  Under  such 
circumstances  and  this  state  of  facts  the  negligence  of  the  conductor 
in  failing  to  renew  the  light  or  in  failing  to  place  a  light  on  the  front 
end  of  the  head  car  was  the  negligence  of  a  fellow  servant  and  for 
which  the  mine  operator  was  not  liable  to  the  injured  miner. 

Lahti  V,  Tamarack  Mining  Co.   (Michigan),  152  Northwestern,  907,  p.  906, 
June,  1915. 
See  Kankola  v.  Oliver  Mining  Co.,  159  Michigan,  689;  124  Northwestern,  591. 

FAILUBE  OF  MINEBS  TO  BLAST  ROCK  FOR  TRAMMER — POWER  TO  GIVE 

ASSURANCES  OF  SAFETY. 

A  mine  operator  is  not  liable  for  the  death  of  a  trammer  in  a  stope 
in  the  process  of  development  by  miners  who  excavated  the  ore  and 
passed  it  down  from  openings  in  the  stope  to  the  level  where  it  was 
loaded  on  the  cars  by  the  trammers,  and  where  the  deceased  trammer 
and  others  working  with  him  requested  the  miners  to  blast  a  large 
rock  discovered  by  them  and  which  the  miners  promised  to  do  "  in 
about  15  minutes,"  but  before  the  time  had  elapsed  the  rock  fell  and 
killed  the  miner,  as  the  miners  under  the  circumstances  shown  wens 
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fellow  servants  of  the  trammers  and  the  duty  of  the  miners  among 
others  was  to  blast  such  rocks  when  requested  to  do  so  by  the  tram- 
mers, and  the  blasting  of  such  rocks  was  done  by  the  miners  for  the 
safety  of  the  trammers,  because  they  were  not  possessed  of  sufficient 
ability  or  training  to  use  explosives;  and  it  can  not  be  said  that  the 
mine  operator  undertook  to  protect  the  trammers  against  injury  from 
such  large  rocks,  and  especially  where  the  particular  rock  had  re- 
mained in  the  same  position  for  four  days,  and  where  the  danger 
of  working  below  the  rock  was  apparent  and  readily  comprehended 
by  the  trammers,  and  the  neglect  of  the  miners,  if  it  can  be  called 
neglect,  not  to  blast  instantly,  when  requested  by  the  trammers  to 
do  so,  can  not  be  charged  to  the  operator,  nor  can  it  be  said  to  have 
been  the  proximate  cause  of  the  trammer's  death ;  and  if  the  miners 
under  such  circumstances  gave  any  statement  of  assurances  of  safety 
to  the  trammers,  it  can  not  be  deemed  to  have  been  given  in  a  repre- 
sentative capacity  and  in  fact  can  only  be  given  by  a  person  repre- 
senting the  master,  such  as  a  vice  principal. 

Lesh  V.  Tamarack  Mining  Ck>.  (Michigan),  152  Northwestern,  1021,  p.  1024, 
June,  1915. 

KINEB'S  WOBEENO  PI<ACB-SA7E  PLACE. 
SAFE-FIiACE  IXXTTRINB — ^MINER's  WORKING  PLAGE. 

Where  the  place  to  be  furnished  by  a  mine  operator  is  not  furnished 
as  in  any  sense  a  permanent  place  of  work,  but  is  a  place  in  which 
surrounding  conditions  are  constantly  changing,  and  instead  of  be- 
ing a  place  furnished  by  the  master  or  mine  operator  for  employees 
within  the  above  rule,  it  is  a  place  the  furnishing  and  preparation  of 
which  is  in  itself  a  part  of  the  work  which  the  miners  are  employed  to 
perform,  then  the  rule  as  to  the  duty  to  furnish  a  safe  place  does  not 
apply,  but  the  duty  of  the  master  or  mine  operator  is  performed  by 
using  reasonable  care  or  furnishing  suitable  material  and  employing 
capable  and  efficient  men  to  do  the  work. 

Mace  V,  Carolina  Mineral  Ck>.  (North  Carolina),  85  Southeastern,  152,  p. 
154,  May,  1915  . 

See  Consolidated  Coal  &  Mining  Co.  v.  Floyd,  51  Ohio  St  542,  Northeastern, 
610,  25  L.  R.  A.  848. 

Petaja  v.  A.  J.  Mining  Co.,  106  Michigan,  463,  64  Northwestern,  335,  58  Am. 
St  505,  32  L.  R.  A.  435. 

SAFE  PLACE — MINER's   DTJTT  TO   MAKE  FLACE  SAFE. 

Where  a  miner  or  servant  is  employed  in  performing  labor  which 
necessarily  changes  the  character  of  the  place  for  safety  where  the 
work  is  being  done  as  the  work  progresses,  and  consequently  is  likely 
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to  become  dangerous  at  any  mcMnent,  the  miner  assmnes  the  risk  inci- 
dent to  such  work,  and  the  general  rule  that  a  master  must  furnish 
his  servant  a  reasonably  safe  place  in  which  to  work,  does  not  apply. 

Zelavin  v.  TonoiHih  Belmont  Development  Co.  (Ck)lorado),  149  Pacific,  ISS, 
p.  189,  June.  1915. 

MINER  MAKING  PLACE  SAFE — DUTT  TO  KEMOVE  BOOF. 

A  miner  injured  by  slate  falling  from  the  roof  of  the  room  in  which 
he  was  at  work  can  not  recover  from  the  operator  for  injuria  received 
where  it  was  his  duty  to  soimd  the  roof  and  take  down  the  slate  if 
he  found  it  loose,  and  where  it  is  shown  that  he  did  sound  the  roof 
and  found  it  loose,  but  failed  to  take  down  the  slate  that  fell  and 
caused  the  injury. 

Peerless  Coal  Ck).  v.  Copenhaver  (Kentucky),  176  Southwestern,  1002,  p. 
1003,  June,  1915. 

INJURY  FROM  FALL  OF  ROOF — DUTY  OF  INSPECTION. 

Where  the  respective  duties  of  a  miner  and  the  mine  operator 
in  regard  to  roof  inspection  were  governed  by  unwritten  rules  of 
the  operator,  and  where  there  is  a  sharp  conflict  in  the  evidence  as  to 
what  such  rules  were,  an  injured  miner  contending  in  an  action  for 
damages  for  an  injury  caused  by  the  fall  of  the  roof,  that  after  the 
room  neck  was  excavated  and  the  operator  placed  its  tracks  for 
hauling  therein,  the  operator  assumed  the  duty  of  inspecting  and 
keeping  such  room  neck  in  a  reasonably  safe  condition  so  that  rock 
would  not  fall  from  the  roof;  and  where  other  miners  employed  in 
the  same  mine  at  the  same  time  testified  that  it  was  not  the  duty  of 
the  operator  to  inspect  the  room  necks,  but  that  a  miner  working 
in  a  room  was  required  to  inspect  the  neck  of  his  room  the  same  as  the 
body,  admitting  that  it  was  the  duty  of  the  operator  to  repair  room 
necks  when  notified  by  miners  that  they  were  dangerous,  and  where 
other  mmers  testified  that  it  was  the  custom  and  duty  of  the  operator 
to  inspect  the  room  necks  each  morning  before  the  miners  began  work 
to  ascertain  if  there  was  in  the  roof  thereof  any  loose  rock,  a  court 
may  under  such  circumstances  properly  refuse  to  direct  a  verdict 
for  the  defendant  operator,  as  the  weight  of  the  evidence  on  the 
controverted  point  is  properly  for  the  jury,  and  the  court  on  appeal 
must  be  bound  by  its  determination. 

Matthews  v.  Central  CJoal  &  Coke  Co.  (Missouri),  177  Southwestern,  650, 
p.  651,  June,  1915. 

MINER  DRIVING  ENTRY  AND  MAKING  HIS  WORKING  PLACE. 

The  duty  resting  upon  a  mine  operator  to  furnish  safe  ways,  works, 
and  machinery  does  not  apply,  and  the  operator  is  not  liable  for  an 
injury  to  its  employee,  where  a  mine  operator  employs  an  independ- 
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ent  contractor  who  is  an  experienced  miner  to  drive  a  heading  in 
the  mine  and  put  down  tracks  for  the  operation  of  the  mine,  under 
the  rule  that  where  the  instrumentality  causing  the  injury  was 
still  incomplete  at  the  time  of  the  injury  and  the  injured  miner  was 
engaged  in  the  work  of  bringing  it  to  completion  and  where  the 
unsafe  condition  from  which  the  injury  arose  was  incidental  to  the 
work  thus  undertaken  by  him. 

Woodward  Iron  Co.  v.  Wade  (Alabama),  6S  Southern,  1006,  p.  1010,  June, 
1915. 

CONTBIBUTOBT  NEOI.IGENCE  OF  MINEB. 
CONTRIBUTORY  NEGUGENCE  DEFINED. 

Contributory  negligence  in  its  legal  significance  is  such  an  act  or 
omission  on  the  part  of  the  person  injured,  amounting  to  a  want  of 
ordinary  care,  as  concurrent  or  cooperating  with  some  negligent  act 
or  omission  of  another  person,  approximately  causes  or  contributes 
to  cause  the  injury  complained  of. 

ConaoUdated  Kansas  City  Smelting  &  Refining  Go.  v.  Schulte  (Texas  Civil 
Appeals) » 176  Southwestern,  94,  p.  95,  May,  1915. 

C»NTRIBI]fTORY  NEGLIGENCE  DEFEATS  BECOVBRY. 

In  an  action  for  damages  for  injuries  received  by  a  miner  the 
miner  can  not  recover  if  he  himself  was  guilty  of  negligence  which 
proximately  contributed  to  the  injury,  as  such  contributory  negli- 
gence is  a  complete  defense  to  such  an  action. 

Birmingham  Fnel  Ck>.  v.  Stocks  (Alabama),  68  Southern,  568,  p.  569,  May, 
3915. 

RECOVERY  NOTWITH8TANDINO  CONTRIBUTORY   NEGLIGENCE. 

A  miner  injured  by  an  explosion  of  fire  damp  or  gas,  the  presence 
and  extent  of  which  were  not  properly  noted  but  only  guessed  at  by 
the  fire  inspector,  notwithstanding  the  fact  that  he  was  guilty  of 
contributory  negligence  in  fanning  or  blowing  the  gas  toward  an 
open  and  lighted  lamp,  may  recover  damages  for  such  injuries. 

Oplotnik  V.  Cherokee  &  Pittsburg  Coal  &  Mining  Co.  (Kansas),  148  Pacific, 
616,  May,  1915. 

miner's  knowledge  of  danger — CONTRIBUTORY   NEGLIGENCE. 

An  action  against  a  coal-mine  operator  for  the  death  of  a  miner 
caused  by  being  caught  between  a  loaded  coal  car  and  a  prop  near 
the  track,  and  caused  presumably  by  the  miner  being  caught  between 
the  car  and  the  prop  by  attempting  to  sprag  the  car  to  prevent  its 
running  too  fast  down  the  track,  can  not  be  maintained  where  the 
miner  had  knowledge  of  the  position  of  the  props,  had  passed  them 
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many  times,  and  where  he  had  in  fact  assisted  in  pladng  the  props, 
and  where  it  appeared  that  there  was  another  and  safer  way  to  pre- 
vent the  car  from  running  too  fast. 

Bon  Jellico  Ck>al  Ck>.  r.  Walker  (Kentncky),  176  Southwestern,  629,  p.  630. 
AprU,  1915. 

DANOBR  IMMINENT. 

Where  an  injury  to  a  miner  arose  out  of  the  negligence  of  a  mine 
operator  or  master,  yet  if  the  danger  from  such  negligence  was  so 
great  that  the  miner  or  servant  could  not  hope  to  escape  injury  by 
the  exercise  of  reasonable  care,  then  he  will  be  guilty  of  contributory 
negligence  and  can  not  recover,  notwithstanding  the  operator's  neg- 
ligence. 

Peerless  Conl  Co.  v.  Copenhnver  (Kentucky),  176  Southwestern,  1002,  p.  1110, 
June,  1915. 

KNOWLEDGE   OF   DANGER — MINER   CREATING   DANGEROUS   CONDITION. 

In  an  action  by  a  miner  for  damages  for  injuries  caused  by  slate 
falling  from  the  roof  of  the  room  in  which  he  was  working  and  where 
the  evidence  was  conflicting  as  to  whether  it  was  the  duty  of  the 
miner  to  prop  the  roof  at  the  place  of  the  injury  or  to  sound  the  roof 
and  take  down  the  slate  if  he  found  it  loose,  it  was  held  to  be  error  for 
the  trial  court  to  refuse  at  the  request  of  the  defendant  the  following 
instruction : 

If  you  believe  from  the  evidence  plaintiff  removed  the  coal  from  under  the 
slate  which  afterwards  fell  on  and  injured  his  leg,  thereby  taking  from  under 
said  slate  its  natural  support,  and  thereafter,  and  before  said  slate  so  fell,  he 
tested  it  and  ascertained  that  It  was  loose,  and  you  also  believe*  from  the 
evidence  that  it  was  the  duty  of  the  plaintiff,  under  the  contract  he  had  with 
defendant  company,  to  take  down  such  loose  slate,  but  that  he  went  under  said 
slate,  and  while  under  it  It  fell  on  and  Injured  him,  you  ought  to  find  for  de- 
fendant company. 

The  reason  given  is  that  such  an  instruction  was  necessary  to  pre- 
sent the  defendant's  side  of  the  case,  where  without  such  an  instruc- 
tion the  jury  might  conclude  that  the  facts  relied  upon  did  not  con- 
stitute contributory  negligence  or  assumed  risk,  and  where  the  de- 
fense relied  upon  in  the  instruction  was  actually  pleaded  and  sus- 
tained by  the  proof  and  where  the  trial  court  gave  no  instructions 
presenting  to  the  jury  the  duty  of  the  miner  with  reference  to  the 
overhanging  slate  when  the  conditions  were  such  as  to  make  it  im- 
practical to  prop  the  roof. 

Peerless  Coal  Co.  r.  Copenhaver  (Kentucky),  176  Southwestern,  1002,  p.  1003, 
June,  1915. 

MINER  PLACING  HIMSELF  IN   DANGEROUS  POSITION. 

A  mine  operator  is  not  liable  for  the  death  of  an  experienced  miner 
employed  as  a  foreman  because  of  his  experience,  where  the  work  he 
was  to  do  on  the  day  of  and  at  the  time  of  the  accident,  was  left,  in 
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respect  to  the  method  and  maimer  of  doing  it,  to  his  own  judgment, 
and  where  he  was  perfectly  free  to  exercise  his  own  common  sense 
and  skill  in  the  mining  operation,  and  where,  from  the  description  of 
the  condition  immediately  before  he  was  killed,  he  must  have  known 
that  by  digging  under  a  projecting  or  overhanging  bank  of  dirt  or 
rock  he  was  placing  himself  in  a  dangerous  position,  as  the  unsup- 
ported  bank  would  necessarily  cave  in,  and  a  man  of  ordinary  sense 
and  of  prudence  would  know  of  such  dangers  and  appreciate  the 
risk  of  cutting  out  the  foundation  upon  which  a  bajik  of  dirt  rests 
and  leaving  it  overhanging  without  any  support,  brace,  or  prop  to 
prevent  its  falling  in  and  crushing  him;  and  the  danger  of  such  a 
place  was  so  imminent  that  any  ordinarily  prudent  man  would  not 
have  so  cut  underneath  the  bank  as  to  weaken  its  support  and  cause 
it  to  fall,  or  if  this  was  necessary  to  be  done,  he  would  have  taken 
measures  to  brace  it  in  some  way  as  the  work  progressed. 

Blace  V.  Carolina  Mineral  Go.  (North  Carolina),  85  Southeastern,  152,  p.  153, 
May,  1915. 

KNOWLEDGE  OF  DANGER — MINER's  OPTION  AS  TO  METHOD  OF  WORK. 

Where  the  danger  is  obvious  and  is  of  such  a  nature  that  it  can  be 
appreciated  and  understood  by  the  miner  as  well  as  by  the  operator, 
or  by  anyone  else,  and  where  the  miner  has  as  good  an  opportunity  as 
the  operator  or  anyone  else  of  seeing  what  the  danger  is  and  is  per- 
mitted to  do  his  work  in  his  own  way  and  can  avoid  the  danger  by 
the  exercise  of  reasonable  care,  the  operator  is  not  liable  for  injuries 
received  by  the  miner  in  consequence  of  the  condition  of  things  which 
constitute  the  danger,  and  the  resulting  injury  must  be  regarded  as 
due  to  his  own  want  of  care. 

Mace  V.  Carolina  Mineral  Co.  (North  Carolina),  85  Southeastern,  152,  p.  154, 
May,  1915. 

DRIVING  TRACnON   ENGINE  OVER  PIPE  LINE  LAID  ON    SURFACE. 

A  person  driving  a  traction  engine  on  a  highway  has  the  right  to 
assume  that  the  highway  is  safe  from  one  side  to  the  other,  and  is 
under  no  obligation  to  make  an  examination  for  the  purpose  of 
ascertaining  whether  or  not  the  gas  pipes  were  laid  thereon ;  and  it 
is  not  contributory  negligence  for  the  driver  to  fail  to  look  for 
hidden  pipe  lines,  although  in  a  community  where  natural-gas  pipe 
lines  are  known  to  be  laid  in  the  public  highways ;  and  the  driver  of 
the  engine  would  not  be  subject  to  the  charge  of  contributory  negli- 
gence even  if  he  had  knowledge  of  the  presence  of  the  pipe  line,  if  he 
had  exercised  care  and  adapted  his  conduct  to  the  existing  condition 
and  employed  such  care  as  may  justly  be  regarded  as  ordinary,  in 
view  of  the  knowledge  of  the  existence  of  the -obstruction. 

Murphy  v,  Ludowlcl  Gas  &  OU  Co.  (Kansas),  150  Pacific,  581,  p.  585,  July, 
1815. 
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EFFECT  OF  INTOXICATION. 

The  mere  fact  that  a  miner  was  intoxicated  at  the  time  he  received 
an  injury  does  not  of  itself  show  such  contributory  negligence  as 
will  defeat  his  recovery  in  damages  for  the  injury,  but  it  is  a  cir- 
cumstance to  be  considered  in  determining  whether  or  not  his  intoxi- 
cation  contributed  to  the  injury. 

American  Bauxite  Go.  v,  Dunn  (Arkansas),  178  Southwestern,  034^  p.  835, 
July,  1915. 

ASSTTMPTIOir  OF  &ISX. 

RISKS  ASSUMED. 

ASSUMPTION  AS  TO  EMFTXJiYEE^Q  COMPETENCY. 

A  master  or  mine  operator  may  assume  that  an  adult  person  in 
accepting  or  engaging  emploj'^ment  is  competent  to  perform  the  par- 
ticular work  in  which  he  engages,  and  that  he  assumes  the  dangers 
ordinarily  incident  to  the  carrying  on  of  the  work. 

Batesel  v.  American  Zinc,  Lead  &  Smelting  Ck>.  (Missouri  Appeals),  176  South- 
western, 446,  p.  448,  May,  1915. 

mSKS  OF  EMPLOYMENT — MINER'S  KNOWLEDGE  OF  MININO. 

It  is  necessary  in  mining  operations  for  mine  operators  to  employ 
skilled  miners,  and  such  miners  are  frequently  better  informed  of 
the  risks  and  necessities  of  the  particular  branch  of  the  mining  than 
the  employer  himself ;  and  to  hold  that  such  a  miner  with  full  knowl- 
edge of  the  dangers  and  attendant  risks  could  rely  upon  his  own 
judgment  as  to  the  liability  of  a  given  slab  or  bowlder  to  fall,  and 
then,  after  an  injury,  hold  the  mine  operator  liable  for  the  resulting 
injury,  would  be  to  make  the  operator  responsible  for  the  lack  of 
judgment  of  the  miner.  In  other  trades  and  callings  it  is  elemental 
iaw  that  if  an  employee  possesses  equal  or  superior  information  to 
the  employer  in  regard  to  the  danger  from  a  given  place  or  appli- 
ance, then  in  case  of  injury  the  employee  is  held  in  law  to  have 
assumed  the  risk  as  an  incident  to  his  employment,  and  this  rule  of 
law  applies  to  injuries  received  by  experienced  miners  resulting  from 
falls  or  slabs  and  bowlders  in  mines,  as  well  as  other  injuries  from 
different  causes  in  mining  operations. 

Woodward  Iron  Go.  v,.  Wade  (Alabama),  68  Southern,  1006,  p.  1011,  June, 
1915. 

KNOWLEDGE   OF    PHYSICAL    INFIRM ITIES — ^INJUBY    TO    EPIUPTIC. 

An  epileptic  who  is  subject  to  fits  and  who  is  injured  by  falling 
into  a  dangerous  place  when  stricken  with  a  fit  can  not  recover  for 
the  injury  without  proving  that  he  was  subject  to  such  fits  and  that 
he  himself  did  not  know  it  and  that  the  employer  did  know  it,  and 
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knew,  or  had  cause  to  know,  that  the  plaintiff  did  not  know  his  con- 
dition ;  but  if  the  plaintiff  knew  that  he  was  subject  to  fits  and  that 
such  a  fit  might  cause  him  to  fall  into  a  dangerous  place,  then  he 
can  not  recover.  An  employee  laboring  under  any  physical  disability 
of  which  he  has  full  knowledge,  who  accepts  employment  with  an- 
other, can  not  recover  damages  of  the  employer  in  the  event  he  sus- 
tains personal  injuries  during  the  employment,  where  such  injuries 
were  directly  caused  by  his  physical  disability,  and  the  fact  that 
the  employer  directed  the  plaintiff  to  work  in  a  dangerous  place 
will  not  create  a  liability  under  such  circumstances,  as  persons  not 
under  contractual  disability  should  be  and  are  permitted  to  deter- 
mine for  themselves  whether  their  physical  infirmities,  known  to 
themselves,  shall  debar  them  from  any  particular  employment,  and 
such  persons  must  estimate  for  themselves  the  chances  of  injury, 
and  it  would  be  unjust  as  well  as  illogical  to  visit  the  consequence 
of  their  choice  upon  their  employers ;  it  may  be  a  matter  of  delicacy 
as  well  as  difficulty  for  an  employer  to  undertake  in  each  case  to 
determine  the  nature  and  extent  of  the  malady  or  infirmity  of  one 
who  offers  to  work,  or  the  likelihood  of  injury  resulting  therefrom, 
and  an  employer  may,  without  legal  liability,  accept  the  judgment 
of  a  person  offering  to  perform  services  who  knows  his  own  condi- 
tion, and  under  such  circumstances  the  employee  assumes  the  risk 
of  injury  when  he  undertakes  to  do  the  work  for  which  he  was 
employed. 

Tennessee  Ck>al,  Iron  &  Railroad  Co.  v.  Moody  (Alabama),  68  Southern*  274, 
p.  275,  Aprtl,  1915. 

SHOYKLEB  FISINO  POP  SHOTS. 

A  person  employed  in  a  mine  as  a  shoveler  is  supposed  to  know 
that  bowlders  are  to  be  broken  up  by  the  use  of  dynamite  fuses  and 
caps  and  that  men  are  specially  employed  to  perform  such  work, 
and  he  must  therefore  know  that  this  is  a  special  employment  out- 
side of  what  he  contemplates  when  he  goes  into  a  mine  to  work  as  a 
shoveler,  and  that  there  is  a  certain  skill  or  experience  necessary, 
and  that  the  exploding  of  the  dynamite  is  necessarily  accompanied 
with  certain  risks  and  dangers;  but  if  as  a  shoveler  he  had  been 
informed  that  shovelers  in  a  particular  mine  must  also  engage  in 
the  work  of  shot  firing  and  he  accepted  the  employment,  the  duty  of 
the  operator  or  employer  would  be  satisfied,  because  by  knowing 
that  he  would  be  required  to  handle  and  explode  dynamite  as  a  shot 
firer,  and  after  becoming  aware  of  such  fact  he  accepted  the  employ- 
ment and  engaged  in  the  work  of  shoveling  and  shot  firing,  he  would 
thus  have  held  himself  out  as  experienced  and  able  to  perform  the 
work,  and  the  master  would  not  have  been  required  to  give  warn- 
ing or  instruction ;  and  when  the  injured  miner  did  go  into  the  mine 
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to  work  and  on  the  first  night,  while  there,  discovered  that  the  shov- 
elers  fired  their  own  shots,  he  realized  what  his  duties  under  his 
employment  would  require  him  to  do,  and  the  shoveler  thus  had 
constructive  knowledge  of  what  was  required  of  him,  and  being  an 
adult  of  ordinary  intelligence  he  must  be  held  to  have  assumed  the 
risk  incident  to  the  undertaking. 

Batesel  v,  American  Zinc,  T^ead  &  Smelting  Go,  (Missouri  Appeals),  176 
Southwestern,  446,  p.  440,  May,  1915. 

KNOWLEDGE  OF  DANGER — RESCUE  OF  ANOTHER  FROM   PERIL. 

A  mine  operator  who  is  himself  free  from  negligence  can  not  be 
made  liable  in  damages  on  account  of  injuries  sustained  by  a  person 
who,  at  his  request,  comes  to  the  assistance  of  one  who  is  in  danger 
or  exposed  to  peril;  but  in  order  to  render  the  person  making  the 
request  liable  for  damages  he  must  by  his  own  negligence  have  pro- 
duced the  peril.  In  the  absence  of  such  negligence  and  in  the  pres- 
ence of  the  peril  the  rescuer,  whether  acting  voluntarily  or  on  request, 
assumes  the  risk  incident  to  the  attempted  rescue. 

Taylor  Coal  Co.  i?.  Porter  (Kentucky),  175  Southwestern,  1014.  p.  1017,  May, 
1915. 

KNOWLEDGE  OF  FBOPS  DANGEROUSLY  NEAR  A  TRACK. 

A  miner  who  assists  in  placing  props  supporting  the  roof  near  the 
track  over  which  the  coal  is  hauled  out  of  his  entry  and  who  has  many 
times  passed  such  props  and  who  well  knew  the  dangerous  situation 
and  the  danger  in  attempting  to  pass  between  a  loaded  car  and  the 
props,  assumes  the  risk  incident  to  the  undertaking  and  there  can  be 
no  recovery  for  his  death  caused  by  being  caught  between  a  loaded 
car  and  a  prop,  presumably  in  attempting  to  sprag  the  wheel  to  pre- 
vent the  car  from  running  too  fast  down  the  track,  when  there  was 
another  and  safer  way  to  prevent  the  car  running  down  the  incline. 

Bon  JeUico  Coal  Co.  v.  Walker  (Kentucky),  175  Southwestern,  029,  p.  630, 
April,  1915. 

RISKS  NOT  ASSUMED. 
OPERATOR'S    NEOUGENCE. 

A  miner  never  assumes  a  risk  arising  from  the  operator's  negli- 
gence. 

Matthews  v.  Central  Coal  &  Coke  Co.  (Missouri),  177  Southwestern,  ©50,  p. 
653,  June,  1915. 

DANGER  NOT  IMMINENT. 

'Wliere  an  injury  arises  out  of  the  negligence  of  a  mine  operator  or 
a  master,  then  the  mere  knowledge  of  the  condition  on  the  part  of 
the  miner  or  servant  will  not  bar  him  from  recovery  on  the  ground 
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of  assumption  of  risk ;  but  if  the  danger  is  not  glaring  and  imminent 
then  even  if  the  miner  or  servant  has  knowledge  of  the  situation  he 
does  not  assume  the  risk  arising  from  the  operator's  negligence. 

Bamhart  v.  Waverly  Brick  &  Goal  Co.  (Missouri  Appeals),  176  Southwestern, 
1006^  p.  1110,  May,  1915. 

7AILI7BE  TO  EQUIP   CABS   WITH    AITTOMATIG   COUPLEBS. 

A  miner  employed  by  a  smelter  company  does  not  assume  the  risk 
of  the  negligent  failure  of  the  company  to  equip  its  cars  with  auto- 
matic couplers;  and  the  failure  to  equip  its  cars  .with  automatic 
couplers  is  a  defect  within  the  meaning  of  section  6645  of  the  Bevised 
Statutes  of  Texas. 

Consolidated  Kansas  City  Smelting  &  Refining  Co.  v.  Schulte  (Texas  CIyII 
Appeals),  176  Southwestern,  04,  p.  96,  May,  1915. 

ICINEB   WORKING  TJNDEB  DIBECTIONB   OF  FOBEMAN — ^ASSUSANCES   OF   SAFETY. 

A  miner  or  employee  working  in  a  trench  at  the  direction  of  a  mine 
foreman  is  not  to  be  charged  with  the  assumption  of  risk  as  a  matter 
of  law  from  the  mere  fact  that  he  made  no  complaint  and  received 
no  express  or  affirmative  assurance  from  the  operator  that  the  place 
was  safe,  and  where  he  testified  that  he  was  watchful  of  danger  or 
that  there  was  none ;  and  in  such  case  he  had  a  right  to  rely  on  the 
superior  judgment  of  the  foreman  and  the  presence  and  direction 
of  such  foreman  to  go  into  the  trench  and  work  were  equivalent  to  an 
assurance  on  the  foreman's  part  that  the  employee  could  safely  pro- 
ceed. The  operator  under  such  circumstances  can  not  escape  liability 
on  the  ground  that  the  danger  was  as  well  known  to  the  employee  as 
to  the  foreman,  and  while  the  employee  could  see  the  conditions 
present  as  well  as  the  foreman,  there  is  nothing  that  can  justify  a 
court  in  saying  that  he  was  well  aware  of  the  danger  where  the  em- 
ployee had  not  dug  in  the  trench  and  was  not  an  experienced  trench 
digger;  but  in  such  case  the  foreman  is  presumed  to  have  a  superior 
knowledge  and  his  position  and  authority  imply  this. 

Bamhart  v,  Waverly  Brick  &  Coal  Co.  (Missouri  Appeals),  176  Southwestern, 
1108,  p.  1110,  May,  1915. 

USE  OP  EXPLOSIVES. 
INJURY  FROM  UNEXPLODED  BLAST. 

A  certified  miner  who  kept  his  explosives  in  a  box  with  his  tools 
in  the  mine  is  not  entitled  to  recover  for  injuries  caused  by  an  ex- 
plosion where  he  drilled  a  hole  in  a  seam  of  coal  and  inserted  a  stick 
of  dynamite  with  a  detonating  cap  attached  properly  covered  and 
tamped  with  a  squib  attached  in  a  blasting  barrel  for  the  purpose  of 

12817^— Bull.  11»— 16 6 
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firing  the  charge,  and  where  on  a  particular  occasion  the  charge  did 
not  explode  because  the  powder  used  in  connection  with  the  dyna- 
mite was  damp  and  moist,  and  where  on  the  following  day  the  miner 
with  a  pick  attempted  to  break  up  a  large  lump  of  coal  blown  down 
by  a  subsequent  blast,  and  where  while  striking  the  lump  of  coal  with 
the  pick  an  explosion  occurred  causing  the  injuries  complained  of, 
as  under  such  circumstances  the  mine  owner  had  no  greater  reason  to 
anticipate  that  water  dripping  on  the  miner's  box  wet  the  powder, 
and  he  should  not  therefore  be  held  liable  for  a  consequenoe  not 
fairly  to  be  expected. 

Lehigh  VaUey  Coal  Go.  v:  Calcausky,  222  Federal,  664,  April,  1915. 

USE  OF  DANGEROUS  EXFIOSIVES. 

Where  a  mine  operator  furnished  for  use  a  more  powerful  and 
sensitive  explosive  which  was  not  suitable  to  the  accomplishment  of 
the  work  which  a  miner  was  employed  to  do,  thereby  creating  abnor- 
mal risks  to  which  the  miner  became  exposed  without  giving  him 
notice  of  the  fact  so  that  he  could  guard  himself  against  them,  the 
mine  operator  may  be  liable  for  resulting  injuries;  but  if  the 
operator  gave  the  miner  notice  of  the  change  of  explosives,  or  if  he 
had  knowledge  of  it,  obtained  in  any  manner,  then  the  miner  assumes 
Hie  risk  incident  to  it  and  can  not  recover  of  the  operator  for  in- 
juries resulting.  And  in  an  action  by  a  miner  for  injuries  caused  by 
improper  explosives,  a  general  verdict  in  favor  of  the  plaintiff 
can  not  stand  as  against  an  answer  by  the  jury  to  a  special  inter- 
rogatory in  which  it  is  expressly  found  that  the  miner  had  been 
warned  by  the  operator  and  that  he  knew  of  the  stronger  explosive, 
and  that  the  use  of  such  explosive  under  the  particular  circumstances 
and  for  the  purpose  required  was  proper. 

Johnson  v.  Butte  Elez  Scott  Copper  Co.  (Montana),  149  Pacific,  717,  p.  719, 
June,  1915. 

IKJT7BY  TO  TBESPASSEBS— LIABUJTT. 
CAKE  REQUIRED  TOWARD  TRESPASSERS. 

The  right  of  dominion  and  use  of  property  can  not  be  made  a 
shield  or  cover  for  malicious  acts  on  the  part  of  the  owner,  but 
owners  owe  no  duty  to  strangers  on  their  lands  without  right  except 
abstention  from  intentional  injury,  and  such  strangers  are  classi- 
fied as  trespassers  and  bare  licensees  and  can  not  recover  for  in- 
juries caused  by  excavations,  defects  in  the  premises,  contact  with 
running  machinery,  or  the  like,  as  the  proprietor  owes  them  no 
active  duty  and  so  long  as  he  does  them  no  intentional  injury  he  is 
not  liable  for  anything  that  may  befall  them ;  but  in  order  to  create 
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a  liability  fo^  injuries  in  favor  of  one  who  comes  upon  the  premises 
of  another  on  business,  in  some  sense  of  the  term,  there  must  be  an 
invitation  to  come  upon  some  matter  or  occasion  of  material  in- 
terest or  benefit  to  the  owner,  and  not  a  mere  curiosity  or  other  con- 
siderations exxclusively  personal  to  such  trespasser  or  licensee. 

Dickinson  v.  New  River  &  Pocahontas  Ck>nsolidated  Coal  Co.  (West  Virginia), 
85  Sontheastem,  71,  p.  72,  AprU,  1915. 

DUTY  TO  TRESPASSING  CHILDREN.     - 

A  coal-mine  operator  ordinarily  is  under  no  duty,  in  the  handling 
of  its  coal  cars  and  motors  on  its  private  railway  between  the  mouth 
of  its  mine  and  its  yards  or  tipple,  to  keep  a  lookout  for  children 
of  employees  on  its  tracks,  although  they  reside  in  houses  of  the 
corporation  on  its  premises  and  near  its  tracks. 

Dickinson  v.  New  River  &  Pocahontas  CJonsolidated  Coal  Co.  (West  Virginia), 
85  Southeastern,  71,  p.  72,  April,  1915. 

METHODS  OF  OPEBATING. 

FREEDOM  IN   TIIB   USB   OF  PROPERTY — LIMITATIONS. 

Out  of  the  dominion  and  use  of  private  property  incident  to  the 
ownership  thereof,  limited  only  by  the  right  of  the  property  of 
others  to  freedom  from  injury  from  such  use,  springs  the  principle 
of  immunity  from  liability  for  injuries  to  trespassers  and  bare 
licensees  and  only  upon  the  highest  and  most  imperious  considera- 
tions is  this  right  of  dominion  and  use  limited,  and  it  is  with  great 
caution  that  courts  and  legislatures  impose  restraints  upon  the  use 
of  property  and  none  are  ever  laid  thereon  without  careful  definition 
of  their  extent. 

DiclEinson  v.  New  River  &  Pocahontas  Consolidated  Coal  Co.  (West  Virginia), 
85  Southeastern,  71,  p.  72,  April,  1915. 

RESTRAINTS  IN  USE  OF  PROPERTY — ^APPLICATION  TO  PERSONS. 

A  legislature  may,  under  the  police  power  of  the  State,  impose 
limited  restraints  upon  the  use  of  private  property,  in  the  form  of 
regulations  thereof,  and  it  may  authorize  municipal  corporations  to 
do  the  same;  but  the  Constitution  withholds  from  the  legislature 
power  to  deprive  a  citizen  of  his  property  or  its  use,  except  for  public 
purposes,  and  only  on  payment  of  just  compensation ;  and  the  com- 
mon law  imposes  an  obligation  upon  a  property  owner  to  use  it  in 
such  manner  as  not  to  injure  that  of  another;  but  this  obligation 
is  in  favor  of  other  property  and  not  in  favor  of  persons  disassoci- 
ated from  the  property,  and  a  stranger's  right  under  this  principle 
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pertains  to  his  property  and  the  enjoyment  and  use  thereof  and  not 
to  his  person. 

Dickinson  v.  New  River  &  Pocahontas  Ck>nsolidated  Coal  Ck>.  (West  Virginia), 

85  Southeastern,  71,  p.  72,  April,  1915. 

BIGHTS  OF  OWNER  OF  COAL  TO  MINE  AS  AGAINST  SUBFAGE  OWNER* 

A  mine  operator  having  the  exclusive  right  to  mine  coal  upcm  or 
under  a  certain  described  tract  of  land  has  the  right  of  possession 
even  as  against  the  owner  of  the  soil,  so  far  as  is  reasonably  neces- 
sary to  carry  on  his  mining  operations,  and  has,  as  grantee  of  the 
minerals,  the  right  to  dig  and  carry  away  so  much  of  them  as  he 
can  excavate  from  the  soil  without  injury  to  the  surface  owned  by 
the  grantor,  the  mining  right  being  servient  to  the  surface  to  the 
extent  of  sufficient  support  to  sustain  it  in  its  natural  state;  and 
such  operator  is  not  liable  for  any  incidental  damages  necessarily 
occasioned  by  the  ordinary  and  careful  operation  of  his  mine,  and 
may  occupy  so  much  of  the  surface,  adopt  such  machinery  and  modes 
of  mining,  and  establish  such  auxiliary  appliances  and  instrumen- 
talities as  are  ordinarily  used  in  such  business  and  as  may  be  rea- 
sonably necessary  for  the  profitable  and  beneficial  enjoyment  of  his 
property,  and  he  is  not  limited  to  such  appliances  as  were  in  existence 
when  the  grant  was  made  to  him,  but  may  keep  pace  with  the  prog- 
ress of  society  and  with  modem  invention. 

Bagley  v.  Republic  Iron  &  Steel  Go.  (Alabama),  69  Southern,  17,  p.  19,  June, 
1915. 

See  Schobert  v.  Pittsburg  Coal  &  Mining  Co.,  254  Illinois,  474,  98  Northeastern, 
945,  40  L.  R.  A.  (N.  S.),  827. 

Moore  v.  Indian  Camp  Coal  Co.,  75  Ohio  State,  493,  80  Northeastern,  C 

Webber  t?.  Vogel,  189  Pennsylvania,  156,  42  Atlantic,  4. 

USE  or  HATTIiAGEWATS  AND  SHAFTS  FOR  MINING  OPERATIONS  ON  OTHER 

LANDS — ^INJUNCTION. 

A  coal-mine  operator  who  imder  certain  deeds  owns  the  coal 
thereby  conveyed  and  the  right  to  the  possession  of  the  haulageway 
and  the  air  shaft  used  in  the  mining  of  such  coal  can  not,  while  con- 
tinuing the  mining,  be  guilty  of  a  trespass  or  other  wrong  by  mere 
occupancy  of  the  haulageway  or  the  shaft  or  by  any  use  thereof 
which  does  not  injure  or  interfere  with  the  use  of  the  nonmineral 
part  of  the  land  in  which  such  coal  is  found,  and  can  not,  therefore, 
be  enjoined  in  a  suit  by  the  surface  owner  from  using  the  haulage- 
way and  air  shaft  where  there  is  no  evidence  to  show  that  the  injury 
complained  of  resulted  from  the  haulage  of  coal  from  other  lands 
owned  by  the  operator  through  the  passageway  or  from  the  ventila- 
tion through  the  shaft  of  mines  on  such  other  land  so  owned  by  the 
operator. 

Bagley  v.  Republic  Iron  &  Steel  Co.  (Alabama),  69  Southern,  17,  p.  18,  June, 
1915. 
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EXPEBT  EVIDENCE  AS  TO  OFERATIONB. 

In  an  action  by  an  injured  miner  for  damages  and  in  controversies 
over  mining  property  the  conditions  may  be  such  that  experts  will 
be  allowed  to  give  expert  testimony  by  way  of  opinion,  because  they 
are  presumed  to  have  acquired  peculiar  skill  and  knowledge  and  are 
more  capable  of  forming  a  correct  opinion  as  to  the  subject  matter 
of  the  question  under  discussion  than  inexperienced  persons,  and  their 
opinions  are  admitted  in  evidence  for  the  purpose  of  aiding  the  jury 
in  understanding  questions  which  inexperienced  persons  are  not  likely 
to  decide  correctly  without  such  assistance ;  but  the  testimony  of  such 
experts  may  receive  only  such  consideration  by  the  jury  as  the  testi- 
mony may  appear  to  the  jury  to  deserve. 

American  Bauxite  Oo.  v.  Dunn  (Arkansas),  178  Southwestern,  934,  p.  936, 
July,  1915. 

RUIiES   REGUIiATINO   OPERATIONS — ^ADMISSIBILITr   IN    EVIDBNCE. 

In  an  action  by  a  miner  for  injuries  received  while  working  in  a 
mine  a  set  of  rules  promulgated  and  posted  at  the  mine  by  the  State 
mining  inspector  several  months  after  the  injury  are  not  admissible 
in  evidence  from  the  mere  fact  that  they  were  similar  to  those  posted 
by  the  defendant  prior  to  the  injury,  the  purpose  of  which  was  to 
show  the  reasonableness  of  the  rules  so  posted. 

Zelavin  v,  Tonopah  Belmont  Development  Go.  (Nevada),  149  Pacific,  188, 
p.  189,  June,  1915. 

SUBFACE  SUFFOBT. 
MINING  AND  REMOVAL  OP  COAL  BY  OWNER — SUPPORT  OF  SURFACE. 

The  owner  of  an  entire  estate  may  grant  the  surface  of  the  land 
and  reserve  the  mineral  estate,  with  the  right  to  mine  and  remove 
the  minerals  without  liability  for  injury  or  damage  done  to  the  sur- 
face, and  in  such  case  the  grantor,  or  those  claiming  through  him, 
may  mine  and  remove  all  the  coal  without  being  compelled  to  sup- 
port the  surface. 

Klrwln  V.  Delaware,  Lackawanna  &  Western  Railroad  Ck>.  (Pennsylvania), 
94  Atlantic,  468,  p.  469,  AprU,  1915. 

See  Graff  Furnace  Go.  v,  Scranton  Goal  Go.,  244  Pennsylvania,  592,  91 
Atlantic,  508. 

DtfTY  OP  OPERATOR  TO  SUPPORT  SURFACE — ^ARTIFICIAL  WEIGHT. 

Props  sufficient  to  support  the  surface  of  the  soil  in  its  original 
state  are  all  that  is  required  of  a  mine  owner  and  operator;  and  where 
the  subsidence  of  the  surface  was  caused  by  artificial  weight  upon 
the  surface  of  the  soil,  this  is  a  matter  of  defense,  and  it  is  incumbent 


86  IfflNINQ  DECISIONB. 

upon  the  defendant  to  allege  such  facts  if  he  desires  to  rely  upon  them 
as  a  defense  to  the  action. 

Jackson  Hill  Ck>al  &  Ck>ke  Ck>.  v.  Bales  (Indiana),  108  Northeastern,  962, 
p.  963,  May,  1915. 

MINING  AND  REMOVINO  COAIi — PLIABILITY  FOB  INJUBT  TO  SURFACE. 

Under  a  deed  conveying  the  surface  of  land  and  reserving  the  coal 
and  minerals  beneath  the  surface,  with  the  right  to  mine  and  remove 
the  same,  as  well  as  coal  from  adjoining  lands  by  any  subterranean 
passage  or  process  for  the  benefit  of  the  grantor,  without  incurring 
in  any  event  whatsoever  any  liability  for  any  injury  or  damage 
which  may  be  caused  or  done  to  the  surface  of  such  premises,  or  to 
any  buildings  or  improvements  now  erected  or  which  at  any  time 
hereafter  may  be  erected  thereon,  neither  the  grantee  of  the  surface 
nor  anyone  holding  under  him  can  recover  either  from  the  grantor 
or  from  any  subsequent  grantee  of  the  minerals  damages  to  a  house 
and  lot  based  upon  alleged  disturbances  of  the  surface  caused  by 
mining  operations,  in  the  absence  of  averments  and  proof  that  the 
owner  of  the  mineral  was  guilty  of  negligence  in  the  manner  of 
mining  and  removing  the  underlying  mineral. 

ffirwin  V,  Delaware,  Lackawanna  &  Western  Railroad  Co.  (Pennsylvania), 
94,  Atlantic,  468,  p.  469,  April,  1915. 

Klrwln  V,  Delaware,  Lackawanna  &  Western  Railroad  Ck>.  ( Pennsylvania), 
94  Atlantic,  469,  p.  470,  April,  1915. 

FAILURE  TO  SUPPORT  SURFACE — MEASXTRE  OF  DAMAGES. 

In  an  action  by  the  owner  of  the  surface  against  a  mine  operator 
for  damages  caused  by  the  operator's  failure  to  furnish  sufficient 
props  to  support  the  surface  the  measure  of  damages  is  the  difference 
between  the  value  of  the  real  estate  immediately  before  and  inmie- 
diately  after  the  subsidence  complained  of. 

Jackson  Hill  Ck)al  &  Coke  Ck).  v.  Bales  (Indiana),  108  Northeastern,  962, 
p.  964,  May,  1915. 

LESSEE  LIABLE  TO   SURFACE  OWNER. 

The  person  whether  owner  or  lessee  who  takes  the  coal  out  of  the 
mine  without  leaving  proper  support  for  the  surface,  is  the  one  that 
is  liable  for  damages  to  the  owner  of  the  surface  if  the  same  subsided 
by  reason  of  his  failure  to  properly  support  it. 

Jackson  Hill  Ck>al  &  (3oke  Ck).  v.  Bales  (Indiana),  108  Northeastern,  962, 
p.  964,  May,  1915. 

INDEPENDENT  CONTBACTOB. 
DDTT  OF  OPERATOR  TO  EMPLOYEE  OF  INDEPENDENT  CONTRACTOR, 

A  miner  employed  by  an  independent  contractor  stands  to  the  oper- 
ator in  the  relation  of  an  invitee  upon  the  operator's  premises  to 
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whom,  in  general,  the  operator  owes  only  the  duty  of  ordinary  care 
and  prudence  to  keep  the  premises  under  his  control  reasonably  safe 
and  under  such  circumstances  the  operator  assumes  to  all  who  accept 
the  invitation  the  duty  to  warn  them  of  any  danger  in  coming  which 
he  knows  of  or  ought  to  know  of,  and  of  which  they  are  unaware. 

Republic  Steel  &  Iron  Co.  v.  Luster  (Alabama),  68  Southern,  358,  AprU,  1915. 
See  Sloss-Sheffield  Steel  &  Iron  Co.  v.  Hubbard  (Alabama),  68  Southern,  571, 
April,  1915. 

Stith  Coal  Co.  v,  Harris  (Alabama),  68  Southern,  797,  April,  1915. 

RELATION  TO  OPERATOR  A  QUESTION  OP  rACJT. 

Where  a  complaint  in  an  action  by  an  injured  miner  for  damages 
shows  that  he  was  engaged  in  mming  coal  for  the  defendant  operator 
and  was  assisted  by  others  employed  by  him  and  that  the  operator 
paid  him  monthly  a  certain  rate  for  coal  mined;  that  the  plaintiff 
was  driving  a  heading  and  also  keeping  up  a  room,  so  that  when  he 
could  not  get  work  in  the  heading  he  worked  in  the  room,  and  where 
the  proof  shows  that  the  instrumentalities  used  in  the  work,  beside 
the  men,  were  blasting  materials,  picks,  shovels,  axes,  cars  on  which 
the  coal  was  loaded  and  moved  out  of  the  room  by  the  operator  onto 
the  main  entry  tracks,  tracks  and  motors  for  moving  cars;  and  where 
it  appears  that  it  was  the  duty  of  the  operator's  mine  foreman  to  see 
that  the  plaintiff  and  his  assistants  were  furnished  with  proper  tim- 
bers for  propping  their  working  places  and  such  mine  foreman  con- 
trolled the  miners  and  looked  after  the  entire  mine;  and  where  it  was 
the  duty  of  the  superintendent  to  inspect  the  roof  of  the  mine  at  the 
point  where  the  plaintiff  was  injured,  it  becomes  under  such  circum- 
stances, a  question  of  fact  for  a  jury  to  determine  whether  the  oper- 
ator had  control  and  supervision  of  the  plaintiff  and  agencies  by 
which  the  mining  within  the  area  of  the  plaintiff's  labor  was  accom- 
plished, or  whether  the  plaintiff  was  rendering  service  in  the  course 
of  an  independent  occupation,  and  whether  the  relation  was  that  of 
master  and  servant  or  contractor  and  contractee. 

Stlth  Coal  Co.  T.  Harris  (Alabama),  68  Southern,  797,  p.  799,  May,  1915. 

LIABILmr  OF  OPERATOR  FOR  INJURY  TO  CONTRACTOR'S  EMPLOYEE. 

Where  a  mine  operator  employs  an  independent  contractor  to  mine 
and  remove  coal  from  a  completed  mine  and  where  such  contractor 
furnishes  his  own  tools,  explosives,  and  employs  and  discharges  at 
pleasure  his  own  help,  and  is  paid  for  the  coal  mined  by  the  town, 
such  operator  is  not  liable  for  an  injury  to  an  employee  of  such  inde- 
pendent contractor,  where  the  injury  was  caused  by  a  defect  in  the 
appliance  used  by  such  independent  contractor,  though  the  operator 
furnishing  a  hoisting  engine  and  cable  and  a  car,  for  the  purpose  of 
hauling  the  coal  out  of  the  mine,  but  where  the  manner  of  operating 
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and  adjusting  and  connecting  the  engine  and  cables  and  car  was  left 
to  such  independent  contractor  and  where  the  injury  was  not  caused 
by  any  defect  in  the  appliances  so  furnished  by  the  operator. 

Republic  Steel  &  Iron  Co.  v.  Luster  (Alabama),  68  Southern,  358,  p.  358. 
April,  1915. 
See  Stlth  Coal  Co.  v.  Harris  (Alabama),  68  Southern,  797,  p.  799,  April,  1915. 

An  experienced  coal  miner  employed  by  a  mine  operator  under  a 
contract  to  drive  a  certain  heading  from  the  main  entry,  and  for 
which  he  was  to  be  paid  by  the  year  for  the  rock  and  coal  removed, 
and  who  hired  his  own  help  and  did  the  work  in  his  own  way,  ex- 
cept that  he  was  responsible  to  the  operator  for  performing  the 
work  according  to  the  rules  and  regulations  of  the  mine,  and  who, 
as  a  part  of  the  work,  was  to  lay  the  tracks  for  the  operation  of  the 
mine,  is  an  independent  contractor,  and  the  operator  is  not  liable  to 
him  for  an  injury  received  while  performing  the  work  under  his 
contract. 

Woodward  Iron  Co.  v.  Wade  (Alabama),  68  Southern,  1008,  p.  1010,  June,  1915. 

OPERATOR  NOT  LIABLE  TO  CONTRACTOR  OPERATING  UNDER  GENERAL  ORDER. 

Where  an  experienced  miner  was  employed  by  an  operator  to  drive 
a  certain  heading  from  the  main  center,  and  for  which  he  was  to  be 
paid  by  the  year  for  rock  and  coal  removed,  and  where,  as  a  part  of 
his  contract,  he  was  to  lay  the  tracks  for  the  operation  of  the  mine, 
and  where  such  tracks  were  to  be  laid  on  centers,  and  where  it  ap- 
peared that  a  part  of  such  tracks  was  off  center,  a  general  order  or 
instruction  on  the  part  of  the  mine  operator  or  its  superintendent 
to  such  employee  to  the  effect  that  he  must  place  the  tracks  on  cen- 
ters as  furnished  by  the  engineers  and  to  make  the  tracks  conform  to 
the  contractual  requirements  is  a  very  different  thing  from  ordering 
a  dependent  servant  to  do  a  particular  act  of  service,  and  the  opera- 
tor is  not  liable  under  such  circumstances  to  the  employee  for  an 
injury  received  by  him  while  changing  the  entry  and  tracks  and 
making  the  tracks  conform  to  the  contractual  requirements. 

Woodward  Iron  Co.  v.  Wade  (Alabama),  68  Southern,  1008,  p.  1010,  June,  1915. 

DUTY  OP  OPERATOR  TO  KEEP  ROOF  OF  ENTRIES  SAFE — ^LIABILITY  FOR 

INJURY. 

A  mine  owner  and  operator  is  liable  for  an  injury  to  a  miner 
employed  by  an  independent  contractor,  caused  by  a  fall  of  rock  from 
the  roof,  where  the  proof  shows  that  the  rock  which  fell  upon  and 
injured  the  miner  was  from  the  roof  of  an  entry  to  the  heading  in 
which  the  contractor  and  his  miners  were  engaged  in  mining,  and 
where  it  appears  that  the  contractor  had  neglected  to  prop  the  roof 
of  the  entry  in  that  part  of  the  mine  as  his  miners  proceeded  with 
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the  work  of  driving  the  heading,  but  thereafter  it  was  the  operator's 
duty  to  look  after  the  condition  of  the  roof  and  keep  it  safe ;  and 
where  it  is  further  shown  that  the  work  the  operator  was  engaged 
in  doing  had  proceeded  until  this  point  had  been  passed  a  consider- 
able distance  and  the  miner's  injuries  were  caused  by  the  condition 
of  the  entry  and  not  the  work  the  independent  contractor  and  his 
miners  were  engaged  in  doing.  Under  such  circumstances  it  was 
the  operator's  duty  to  maintain  the  entry  where  the  miner  was 
injured  reasonably  safe  for  the  benefit  of  a  class  of  persons  to  which 
the  miner  belonged,  and  if  the  miner's  injuries  resulted  from  a 
condition  in  the  roof  that  was  dangerous  and  could  have  been  made 
reasonably  safe  by  the  exercise  of  ordinary  care,  the  operator  would 
be  liable,  whether  the  injured  person  was  an  employee  of  such  inde- 
pendent contractor,  as  the  liability  in  such  case  arose  out  of  the 
breach  of  duty  the  operator  owed  the  miner  to  maintain  the  roof  in 
a  reasonably  safe  condition  and  to  guard  him  against  unnecessary 
dangers  and  not  by  virtue  of  any  privity  of  contract  between  the 
miner  and  the  operator. 

Sloss-Sheffield  Steel  &  Iron  Oo.  v.  Hubbard  (Alabama),  68  Southern,  571, 
p.  572,  May,  1915. 

NEGLIGENCE  OP  OPERATOR  OR  INDEPENDENT  CONTRACTOR — QUESTION  OP 

FACT. 

Where  it  appears  that  a  mine  operator  furnished  the  tools,  ma- 
chinery, and  other  instrumentalities  used  in  the  work  of  mining  by 
an  independent  contractor,  and  that  the  operator's  foreman  and 
superintendent  reserved  the  right  to  discharge  such  independent  con- 
tractor or  his  men  at  pleasure,  and  the  operator  maintained  a  regu- 
lar gang  of  workmen  and  miners  to  keep  up  the  entries  and  maintain 
the  safety  of  the' ways  of  the  mine,  and  the  mine  foreman  directed 
the  work,  the  question  as  to  whether  an  injury  to  an  employee  of  such 
independent  contractor  was  proximately  caused  by  negligence  and  the 
question  as  to  whether  the  negligence  was  that  of  the  mine  operator  or 
its  servants  are  questions  of  fact  to  be  determined  by  the  jury  trying 
the  case. 

Sloss-Sheffield  Steel  &  Iron  Co.  t.  Hubbard  (Alabama),  68  Southern,  571, 
p.  573,  May,  1915. 

COKTBACTS  BELATINa  TO  OPEBATIONS. 
AGREEMENT  FOR  ARBITRATION — CONSTRUCTION   AND  ENFORCEMENT. 

An  agreement  contained  in  a  contract  between  two  mining  corpo- 
rations to  the  effect  that  any  dispute  arising  under  a  contract  or 
charter  should  be  settled  at  a  certain  place  by  arbitration  and  speci- 
fying the  method  of  selecting  the  arbitrators  relates  to  the  law  of 
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remedies  and  not  of  right,  and  the  law  that  governs  remedies  is  the 
law  of  the  forum,  and  where  the  forum  is  a  Federal  court  such  court 
is  not  bound  to  follow  or  conform  to  the  decisions  of  the  State  juris- 
diction in  which  it  may  happen  to  sit. 

United  States  Asphalt  Refining  Co.  v.  Trinidad  Lake  Petroleom  Ooi,  222 
Federal,  1008,  p.  1011,  January,  1915. 

AGB££M£NT  TO   WORK   A  CERTAIN    NUMBER  OF   MINERS — BREACH. 

A  contract  for  the  transfer  of  and  to  work  and  operate  a  mine,  by 
which  the  transferee  agrees  to  work  and  to  have  employed  in  the 
construction  of  a  tunnel  provided  for  at  least  four  men  per  day, 
working  20  days  per  calender  month,  is  not  complied  with  where  less 
than  four  men  were  employed  in  working  in  a  tunnel,  as  the  agree- 
ment to  employ  at  least  four  men  per  day  does  not  mean  that  the 
transferee  can  employ  two  men,  each  of  whom  should  work  16  hours 
each  day  for  20  days  in  each  month,  or  if  they  work  30  days  of  pro- 
portionately less  hours,  as  the  contract  expressly  provides  for  at  least 
four  men  per  day  working  20  days  in  each  month  and  not  for  80 
shifts  to  work  in  each  month  by  less  than  four  men. 

Arkoosh  v.  Sorrenson  (Utah),  150  Pacific,  959,  p.  960,  August,  1915. 

CONSTRUCTION  OF  CONTRACT — ^RIOHT  OF  OPERATOR  TO  ORE. 

A  contract  to  dig  and  construct  a  tunnel  provided  that  the  operator 
was  entitled  to  all  the  ore  he  encountered  and  excavated  within  the 
four  lines  of  the  tunnel  and  was  given  the  right  to  drive  other  and 
similar  tunnels  in  any  and  all  portions  of  the  claims  described,  and 
to  stope  any  and  all  veins,  lodes,  and  ledges  encountered,  does  not  give 
the  operator  the  right  to  ore  taken  from  an  old  tunnel  or  stope  which 
had  long  previously  existed  on  the  mining  claim  and  especially 
where  the  operator  did  not  claim  the  ore  under  a  clause  in  the  con- 
tract giving  him  a  certain  share  of  the  ore  mined. 

Arkoosh  v.  Sorrenson  (Utah),  150  Pacific,  959,  p.  961,  August,  1915. 

NUISANCE— POLLXmON  OF  WATEB. 
INJURIES  FROM   NUISANCE  AS   CAUSE  OF  ACTION — ^PLEADINO. 

In  actioQS  for  damages  caused  by  an  alleged  nuisance  maintained 
by  a  mine  operator,  the  injurious  consequences  resulting  from  the 
nuisance,  rather  than  acts  which  produced  the  nuisance,  constitute 
the  cause  of  action,  and  the  cause  of  action  does  not  arise  until  harm- 
ful consequences  occur,  and  negligence  of  the  operator  is  not  ordi- 
narily an  essential  element  in  such  actions.  But  where  the  facts  are 
so  stated  that  the  conclusion  arises  as  a  logical  sequence  that  the  harm- 
ful consequences  complained  of  proximately  resulted  from  the  acts  of 
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the  owner  in  the  operation  of  his  mines,  and  the  maintenance  and  use 
of  his  washers,  is  sufficient  to  show  a  liability  as  a  matter  of  pleading. 

Yolanda  Coal  &  Ck)ke  Go.  v.  Pierce  (Alabama),  68  Southern,  563,  p.  585» 
May,  1915. 

INJtJBT  TO  CATTUa — DITTT  TO  liESSEN  DAMAGES. 

In  an  action  against  a  coal  mine  operator  for  damages  for  pollut- 
ing a  stream  and  by  reason  of  which  the  plamtiflTs  cattle  were  dis- 
eased and  many  of  them  died  from  the  effects  of  drinking  polluted 
water,  the  plaintiff  is  entitled  to  recover  such  damages  as  proxi- 
mately resulted  to  him  in  the  use  of  his  property  for  the  purpose 
for  which  he  was  using  it;  and  if  he  was  unreasonably  deprived  of 
the  use  of  the  water,  and  if  his  cattle  were  poisoned  by  deposits  of 
deleterious  matter  in  the  stream  by  the  defendant,  and  if  the  death 
of  the  cattle  proximately  resulted  therefrom,  he  would  be  entitled 
to  recover  the  reasonable  market  value  of  any  animals  that  died  from 
such  cause;  and  if  the  remaining  herd  of  cattle  were,  as  a  proximate 
result  of  the  defendant's  wrong,  depreciated  in  value,  he  would  be 
entitled  to  recover  whatever  such  depreciation  in  value  was.  But  the 
law  imposed  upon  the  plaintiff  the  duty  of  taking  steps  to  minimize 
the  damages  which  were  being  done  to  him  on  account  of  the  nuisance 
complained  of,  and  if  the  plaintiff  knew  that  his  cattle  were  being 
injured  by  drinking  the  poisoned  water  and  could  have  reasonably 
secured  water  elsewhere  and  thereby  lessened  the  damages  that  were 
being  done,  it  was  his  duty  to  secure  such  water  and  lessen  such 
damages,  and  he  can  not  recover  on  account  of  any  damages  which 
he  could  have  lessened. 

Tenessee  Coal,  Iron  &  Railroad  Ck>.  v,  Wright  (Alabama),  68  Southern,  389, 
p.  d40,  AprU»  1915. 

rOLLtmON   OF  WATER  AND  INJURY  TO   LAND — ELEMENTS  OF  DAMAGES. 

Where  a  mine  operator  in  the  operation  of  its  mine  places  in  a 
stream  and  the  tributaries  thereof  large  quantities  of  waste,  refuse, 
debris,  tailings,  culm,  and  other  deleterious  or  poisonous  matters 
and  substances  from  its  mines  and  other  industries,  and  by  reason 
of  which  the  substances  pollute  the  water  of  the  stream  and  are 
washed  down  into  and  upon  the  lands  of  a  lower  owner,  such  land- 
owner may  recover  damages  under  an  allegation  of  permanent 
injury  to  his  land  from  impairment  of  water  supply,  impoverish- 
ment of  the  soil,  resulting  in  depreciation  in  value,  depreciation  of 
rental  value,  impairment  of  the  right  of  comfortable  enjoyment, 
injuries  to  crops,  and  sickness  from  noxious  odors  and  poisonous 


Yolanda  Coal  &  Goke  Co.  v.  Pierce  (Alabama),  68  Southern,  563,  p.  565, 
May,  1915. 
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DAMAGES  TO  REAL  ESTATE — ^INCONVENIENCES  AS  PERSONAL  IN  JX7RIE8. 

It  is  sufficient  to  show  a  cause  of  action  for  damages  and  to  render 
a  mine  owner  and  operator  liable,  where  in  an  action  for  damages 
against  such  mine  owner  and  operator  for  the  pollution  of  tlie  waters 
of  a  stream,  and  where  the  plaintifiTs  evidence  tended  to  show  that 
from  the  use  of  the  washers  at  the  mines  of  the  operator  and  other 
conditions  maintained  in  the  mining  operations  the  water  in  a 
stream  rimning  throu^  the  premises  of  the  plaintiff  were  polluted; 
that  refuse  matter  from  the  mines  settled  in  the  bed  of  the  stream; 
that  the  water  before  its  pollution  was  pure  and  fit  for  domestic 
use,  and  that  by  the  pollution  of  the  stream  the  water  was  rendered 
unfit  for  use  and  emitted  noxious  gases  and  disagreeable  odors  that 
rendered  the  use  of  the  plaintiff's  property  less  comfortable  as  a 
home,  depreciated  the  rental  and  market  value  greatly,  and  put 
the  plaintiff  and  his  family  to  great  inconvenience  in  obtaining  pure 
water  for  drinking  and  laundry  purposes  and  for  watering  stock, 
and  caused  sickness  in  the  family;  imder  the  rule  that  a  person 
who  with  foul  odors  and  noxious  gases  renders  a  man's  life  unendur- 
able in  his  home  and  thus  annoys  and  inconveniences  him  does  him 
a  personal  injury  as  surely  as  one  who  commits  a  battery  upon  him, 
and  damages  thus  suffered,  like  mental  pain  and  anguish,  are  not 
the  subject  of  proof  by  monetary  standard  but  must  be  left  to  the 
soimd  judgment  and  discretion  of  a  jury  trying  the  cause,  and  in 
assessing  damages  under  such  circumstances  much  latitude  and  dis- 
cretion are  allowed  to  the  jury,  and  it  is  not  for  the  court  to  say, 
under  such  circumstances,  that  a  verdict  is  excessive. 

Yolanda  Coal  &  CJoke  Co.  v.  Pierce   (Alabama),  68  Sonthem.  563,  p.  566, 
May,  1915. 

RIGHT  OF  ACTION  IN  THE  ABSENCE  OF  NEGLIGENCE. 

It  is  a  matter  of  common  knowledge  that  pure  and  wholesome 
water  for  domestic  purposes  and  in  farming  operations  is  a  valuable 
asset,  and  its  presence  or  absence  materially  affects  the  value  of  resi- 
dence and  farm  properties,  and  the  law  is  that  such  rights  can  not  be 
destroyed  by  a  superior  riparian  proprietor  in  the  conduct  of  his 
mining  operations  by  the  pollution  of  the  water  in  the  stream  to  such 
extent  as  to  render  the  water  in  the  stream  unfit  for  domestic  use; 
and  to  so  pollute  the  stream  by  such  mining  operations  that  waters 
are  impure  and  unfit  for  domestic  use  and  from  which  noxious  gases 
and  disagreeable  odors  arise,  rendering  the  property  used  as  a  resi- 
dence less  comfortable,  gives  a  right  of  action  for  damages,  regard- 
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less  of  the  methods  of  operation,  and  negligence  as  applied  to  the 
operation  is  not  a  necessary  predicate  to  the  cause  of  action. 

Tolanda  Coal  &  Ck)ke  Ck).  v.  Pierce  (Alal>ama),  68  Southern,  563,  p.  565,  May, 
1916. 

DEPOSITIKO  SLACK  IN  8TBEAM — SUABILITY  FOR  DAMAGES  TO  LANDOWNER. 

In  an  action  by  a  landowner  against  the  owner  and  operator  of  a 
coal  mine  for  damages  caused  by  the  washing  down  of  slack  and  fine 
coal  from  deposits  negligently  placed  on  the  bank  of  a  stream  by  the 
coal  operator,  it  was  not  incumbent  upon  the  plaintiff,  the  landowner, 
to  produce  witnesses  who  could  testify  that  they  saw  the  slack  and 
coal  and  followed  it  as  it  washed  down  the  creek  and  saw  it  fill  up  the 
channel  and  cause  the  injury  to  the  complainant's  land  as  complained 
of;  but  it  is  sufficient  to  prove  that  the  defendant  operated  the  coal 
mine  on  the  creek  or  its  tributaries  above  the  complainant's  land,  and 
that  the  defendant,  the  coal-mine  operator,  dumped  the  slack  and  fine 
coal  into  the  stream,  and  that  slack  and  fine  coal  obstructed  the  bed 
of  the  stream  near  the  complainant's  land,  thereby  causing  the  water 
to  overflow  and  damage  complainant's  land ;  and  the  fact,  if  such  fact 
existed,  that  other  mine  operators  located  between  the  mine  of  the 
defendant  and  the  complainant's  land  deposited  slack  or  fine  coal  in 
the  bed  of  the  stream  would  not  relieve  the  defendant  from  liability, 
as  the  defendant  can  not  escape  liability  merely  because  the  com- 
plainant does  not  or  can  not  apportion  the  damages  between  the 
wrongdoers. 

North  JeUico  Goal  Co.  v.  Trosper  (Kentucky),  177  Southwestern,  241,  p.  243, 
June,  1915. 

SUCCESSIVE   ACTIONS   FOR   LOSS    OF    RENTS — BRENTS    MERGED   IN    DAMAGES 

FOR  TOTAL  INJURIES. 

Where  as  the  result  of  the  permanent  injury  to  real  estate  caused 
by  the  operation  of  coal  mines  and  the  dumping  of  slate  and  shale 
from  the  mine  and  discharging  thereon  quantities  of  contaminated 
and  poisonous  water,  resulting  in  the  pollution  of  the  waters  of  a 
stream,  spring,  and  well  on  the  premises  and  impoverishing  the  soil, 
rendering  it  less  fertile  and  productive,  the  rental  value  of  such  prop- 
erty has  depreciated  or  has  been  destroyed,  and  where  the  owner  has 
not  recovered  damages  for  the  permanent  injury  caused  by  the  nui- 
sance,  the  loss  of  rents  is  a  constantly  recurring  injury  and  may  be 
recovered  in  repeated  actions  until  the  nuisance  is  abated ;  but  if  the 
nuisance  has  resulted  in  the  total  destruction  of  the  estate,  rendering 
it  worthless,  and  damages  for  the  permanent  injury  have  been  recov- 
ered and  the  owner  made  whole,  his  loss  by  way  of  rents  is  merged  in 
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the  recovery  for  the  permanent  injury,  and  he  can  not  recover  in  any 
subsequent  action. 

Pratt  Ck>ns(^dated  Cosl  Oa  v.  Morton  (Alalwiiia),  es  Soutbern,  1016,  ii.  lOlfi. 

April,  1915. 

DAMAOSS   FOB  PERMANSNT  OF  TEMFORART   IKJT7RIB8 — ^FBOOF   OF   TAIiUE 

AND  DAMAGES. 

Where  real  estate  is  permanently  injured  by  a  nuisance  resulting 
from  the  operation  of  coal  mines,  damages  for  the  permanent  injury 
are  recoverable  in  the  same  action  with  injuries  of  a  temporary 
nature  such  as  rents  or  profits,  and  where  the  nuisance  is  a  continuing 
one  and  damages  for  permanent  injuries  may  be  barred  by  the  statute 
of  limitations,  proof  of  the  value  of  the  property  before  any  injury 
resulted  to  it  from  the  nuisance  is  admissible,  and  its  value  after  the 
injury  as  a  predicate  for  the  recovery  of  the  constantly  recurring 
damages  resulting  from  the  nuisance;  but  it  is  not  permissible  to 
prove,  as  showing  the  market  value  of  the  land,  the  price  paid  several 
years  prior  to  the  alleged  injury,  but  the  criterion  in  establishing 
permanent  injury  is  the  difference  in  the  market  value  before  the 
injury  and  after  the  lands  had  suffered  the  injury. 

Pratt  Consolidated  Ck>al  Go.  v,  Morton  (Alabama),  68  Southern,  1015,  p.  1016, 
April,  ldlj5. 

PBBVENnNa  OPEBATIONS— IKJTTKCnONS. 
INJUNCTION  AGAINST  OPERATING — DISSOLIJTION  ON  FUJNO  BOND. 

An  injunction  obtained  by  the  owner  of  land  against  a  railroad 
company  by  which  the  company  is  enjoined  from  boring  oil  wells 
on  its  right  of  way,  on  allegations  that  the  railroad  company  has 
only  a  right  of  way  and  not  a  fee  in  the  land,  and  that  such  boring 
is  a  trespass  and  a  disturbance  of  the  oil  und^  adjoining  lands  of 
complainant,  and  that  the  complainant  will  be  injured  by  the  con- 
tinued boring,  will  be  dissolved  on  bond  properly  executed  by  the 
defendant  railroad  company,  in  the  discretion  of  the  trial  court, 
where  the  bond  is  conditioned  for  all  damages  sustained  by  the 
plaintiff  in  case  of  a  definitive  judgment  against  the  defendant  in 
the  final  trial  of  the  suit. 

Natalie  Oil  Co.  v.  Louisiana  Railway  &  Navigation  €k>.   (Louisiana),  69 
Southern,  146,  June,  1915. 
See  Hayne  v.  Bdenborn  (Louisiana),  68  Southern,  787,  May,  1915. 

NO  RIGHT  TO  JUBY  TRIAL. 

An  action  by  a  mine  owner  and  operator  to  enjoin  an  adjoining 
owner  from  mining  and  removing  ore  of  a  vein  apexing  in  the 
plaintiff's  mining  claim  is  equitable  in  character,  and  the  damages 
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sought  are  merely  incidental.  The  cause  is  properly  triable  to  the 
court,  and  neither  party  has  a  right  to  demand  or  have  a  jury; 
and  where  the  issue  is  a  question  of  apex  right,  involving  a  question 
of  fact  and  no  question  of  law,  except  in  so  far  as  the  determination 
of  what  constitutes  a  vein  might  be  so  considered,  and  where  the 
court  made  its  finding  and  entered  judgment  after  hearing  the  evi- 
dence and  on  an  inspection  of  the  premises,  a  court  on  appeal  will  not 
disturb  the  verdict  and  judgment. 

Bsselstyn  v.  United  States  Gold  Ck>rporation  (Ck)lorado),  149  Pacific,  93, 
page  94,  Jane,  1915. 

DUMPING  BEFUSE   ON    SURFACE — INJUNCTION — ^REMEDY   AT  LAW. 

Where  a  coal-mine  operator  has  been  dumping  refuse  from  other 
mines  upon  the  lands  of  the  complainant,  and  where  the  operator 
ceased  such  work  on  the  request  of  the  landowner  and  there  was 
no  intention  or  danger  shown  of  a  repetition  of  the  injury,  there 
can  be  no  injunction  granted,  as  the  remedy  in  such  case  is  complete 
and  adequate  at  law. 

Bagley  v.  RepubUc  Iron  &  Steel  Co.  (Alabama),  69  Southern,  17,  June,  1915. 

NEGATIVE    COVENANTS — ^IMPROPER    TT8B    OF    SURFACE    BY    LESSEE — 

INJUNCTION. 

A  lease  of  Indian  lands  for  mining  coal  and  asphalt  in  compliance 
with  an  act  of  Congress  relating  to  mining  leases  in  the  Creek 
Nation  in  addition  to  the  ordinary  provisions  for  mining  and  the 
usual  stipulations  and  covenants,  contained  a  provision  to  the  effect 
that  the  demise  and  lease  was  for  the  sole  purpose  of  proq)ecting 
for  and  mining  coal  and  asphalt,  and  the  lessee  was  to  occupy  so 
much  only  of  the  surface  of  land  as  might  be  reasonably  necessary 
to  carry  on  the  work  of  prospecting  for,  mining,  storing,  and  remov- 
ing the  coal  and  asphalt  mined,  with  an  agreement  on  the  part  of  the 
lessee  to  conmiit  no  waste,  and  to  suffer  no  waste  to  be  committed, 
upon  the  premises,  and  that  the  lessee  would  not  use  the  premises, 
nor  suffer  them  to  be  used,  for  any  other  purpose  than  that  authorized 
in  the  lease.  The  lease,  by  its  provisions,  did  not  become  valid  until 
approved  by  the  Secretary  of  the  Interior,  and  was  at  all  times 
subject  to  his  rules  and  regulations  relative  to  mineral  leases  in  the 
Creek  Nation.  The  lease  contained  no  provision,  either  express  or 
implied,  giving  the  lessee  the  right  to  use  the  surface  of  the  demised 
premises  as  a  dumping  ground  for  shale  and  other  waste  taken  from 
mines  upon  premises  other  than  those  described  in  the  lease,  nor  is  it 
reasonable  that  the  Secretary  of  the  Interior  would  approve  a  lease 
which,  properly  construed,  would  permit  a  lessee  to  use  the  premises 
for  such  purposes,  and  where  it  appeared  that  the  lessee  had  sunk 
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shafts  upon  the  premises  and  had  extended  tunnels  from  these  into 
adjacent  lands  from  which  it  was  mining  large  quantities  of  coal 
on  the  leased  premises  and  was  dumping  large  quantities  of  shale 
and  waste  brought  from  such  adjacent  lands  upon  the  surface  of  the 
leased  premises  and  was  occupying  a  large  part  of  such  surface  ^th 
buildings  and  dwellings  for  the  use  of  employees  engaged  in  such 
outside  mining  operations.  The  use  of  the  premises  leased  was  re- 
stricted by  the  express  terms  of  the  lease  to  prospecting  for  and 
mining  coal  and  asphalt  on  the  premises,  and  in  such  case  the  law 
implies  a  negative  covenant  not  to  use  the  premises  for  any  other 
purposes  than  those  specified;  and  a  court  of  equity  will,  by  in- 
junction, protect  the  lessor  against  the  use  by  the  lessee  of  the 
premises  in  violation  of  such  negative  covenant. 

Shamm  v.  Whitehead  Coal  Mining  CJo.,  223  Federal,  282,  page  289,  April,  1915. 
See  Consolidated  Coal  Co.  v.  Mary  Ann  Schmisseur,  135  lUinois,  871,  25 
N.  B.,  705. 

The  execution  of  a  lease  to  mine  coal  and  asphalt  under  the  lands 
described  will  not  authorize  the  lessee  to  dump  slate  and  refuse  upon 
the  surface  of  the  demised  lands  unless  the  right  is  expressly  granted ; 
and  where  such  a  lease  does  not  authorize  the  lessee  to  use  the  open- 
ings, shafts,  and  tunnels  on  the  demised  lands  to  mine  adjoining 
property  not  belonging  to  the  lessor,  the  lessee  takes  no  right  except 
under  the  lease,  and  the  failure  of  the  lease  to  grant  such  privilege 
impliedly  negatives  the  privilege,  thus  raising  an  implied  negative 
covenant  which  is  analogous  to  specific  performance  that  will  be  en- 
forced by  injunction. 

Stiarum  v.  Whitehead  Coal  Mining  Co.,  223  Federal,  282,  page  290,  April,  1915. 
See  Brasfleld  v.  BurnweU  Coal  Co.,  180  Alabama,  185,  00  Southern,  382. 

MINING  LEASES. 

LEASES  GEKERAXLY— CONSTBtTGTION. 
FALSE  RBPKESENTATI0N8  TO  AGENT — BRIGHT  TO  BESGIND. 

An  action  to  rescind  a  contract  of  purchase  of  a  mining  lease  on 
the  ground  of  fraud  and  false  representations  can  not  be  maintained 
and  the  contract  can  not  be  rescinded  where  it  is  shown  that  the  ne- 
gotiation for  the  contract  and  an  examination  in  the  purchaser's  be- 
half was  made  by  an  expert  miner  of  long  and  varied  experience, 
and  where  it  clearly  appears  that  the  representations  in  part  did  not 
deceive  the  agent  and  where  other  representations  were  not  relied 
upon  by  the  agent,  and  where  it  clearly  appears  that  the  agent  acted 
on  his  own  judgment  and  did  not  accept  "  seriously  "  the  statements 
and  representations  made  to  him  by  the  seller,  as  the  rule  is  that  an 
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attempt  to  fraudulently  deceive  must  be  so  far  successful  as  to  have 
induced  belief  and  reliance  on  the  part  of  the  person  claiming  to  be 
injured. 

Greenstreet  v.  Walsch  (Missouri  Appeals),  176  Southwestern,  1062,  page  1063, 
May,  1915. 

DIAMOND  LEASE — ^ACTION   TO  RECOVER  DIAMONDS  ON   GROUND  OF  FRAUD. 

The  lessor  of  lands  leased  for  the  purpose  of  mining  for  diamonds 
can  not  in  an  action  of  replevin  recover  possession  of  diamonds  mined 
by  the  lessee  and  belonging  to  him  under  the  lease,  on  the  ground  that 
the  lease  was  procured  for  the  fraudulent  purpose  of  discrediting  the 
mine  and  keeping  the  lessor  in  the  dark  as  to  the  value  of  diamonds 
discovered  and  to  stifle  the  business  of  mining,  depress  the  value  of 
the  land  and  buy  it  for  a  minimum  price,  in  the  absence  of  proof  of' 
the  alleged  fraudulent  acts  by  the  preponderance  of  the  testimony; 
and  the  mere  failure  of  the  lessee  to  perform  some  stipulations  and 
conditions  of  the  lease,  in  the  absence  of  proof  of  fraud,  would  not 
entitle  the  lessor  to  recover  in  such  an  action. 

Mauney  v,  Millar  (Arkansas),  175  Southwestern,  402,  March,  1915. 

COAL  LEASE& 
PRACnCAIi    CONSTRUCTION — MINIMUM    AMOUNT    OF    DIFFERENT    GRADES. 

m 

A  coal  lease  provided  that  the  lessee  should  pay  for  all  coal  mined 
above  the  size  of  pea  coal  at  the  rate  and  price  of  25  cents  per  ton  of 
2,240  pounds,  and  for  pea  coal  12^  cents  per  ton  royalty  until  it  is 
worth  within  25  cents  per  ton  of  chestnut  coal,  and  then  to  be  25  cents 
per  ton,  payments  of  royalty  to  be  quarterly  for  the  first  two  years 
and  for  not  less  than  4,500  tons  each  year ;  for  the  third  year,  9,000 
tons;  for  the  fourth  year,  13,500  tons;  and  for  each  year  thereafter, 
18,000  tons ;  and  it  was  agreed  that  if  the  lessee  in  any  one  year  paid 
for  more  coal  than  mined  he  had  the  right  at  any  time  thereafter 
to  mine  the  coal  paid  for  without  further  charge.  There  was  no  pro- 
vision specifying  what  proportion  of  the  several  sizes  should  com- 
pose the  minimum  quantity  to  be  mined  annually  by  the  lessee,  and 
the  contract  in  this  respect  was  left  ambiguous,  and  the  lease  must 
be  construed  in  this  doubtful  aspect  as  to  what  proportion  of  the 
several  sizes  shall  compose  the  minimum  quantity  to  be  mined  annu- 
ally; and  the  parties  in  this  respect  have  the  right  to  invoke  the 
aid  of  contemporaneous  construction;  and,  applying  this  rule,  the 
minimum  product  was  to  be  determined  by  the  quantity  of  coal  of 
ordinary  size  produced  at  the  mine,  and  for  more  than  30  years  the 
lessee  paid  to  the  lessor  and  the  lessor  received  and  receipted  for 
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the  royalty  on  the  minimum  product  on  this  basis,  the  parties  thereby 
placing  their  own  interpretation  upon  the  lease;  and  they  have  thus 
determined  by  their  long  course  of  conduct  wh&t  was  in  their  minds 
when  they  wrote  and  signed  the  lease ;  and  a  court  is  not  at  liberty 
after  a  period  of  more  tiban  30  years  to  declare  that  the  parties  had 
a  different  intention  from  that  shown  by  their  own  interpretation  of 
the  lease ;  and  a  court  must  conclude  that  the  parties  intended  that 
the  Tm'nimnTn  amount  of  royalty  should  be  computed  on  coal  of 
prepared  size  and  not  on  such  size  and  pea  coal. 

Lehigh  VaUey  Railroad  Co.  v.  Searle  (PennsylTanla),  94  Atiantlc,  74,  p.  75, 
March,  1915. 

DISAGREEMENT  AS  TO  ROYALTIES  DUE — ^FORFEITURE  NOT  PERMIITED. 

A  coal  lease  providing  that  on  failure  to  pay  any  installment  of 
royalty  for  90  days,  the  lease  and  all  rights  under  it  shall,  at  the 
option  of  the  lessor,  become  forfeited,  can  not  be,  at  the  option  of 
the  lessor,  forfeited  for  a  small  amount  of  royalty  due  under  the 
lessor's  construction  of  the  lease;  and  where  the  failure  to  pay  arose 
from  the  difference  in  the  interpretation  put  upon  the  lease  by  the 
parties,  and  where  the  interpretation  by  the  lessor  was  contrary  to 
the  practical  construction  placed  upon  the  lease  by  the  parties  for 
a  period  of  over  80  years,  as  the  forfeiture  clause  mianifestly  never 
was  intended  to  enforce  a  forfeiture  under  such  circumstances,  and 
it  would  be  against  reason  and  good  conscience  to  permit  the  an- 
nulment of  a  lease  where  the  forfeiture  clause  was  intended  to 
enforce  payment  of  royalty  due  by  the  terms  of  the  lease,  and  until 
that  was  legally  ascertained,  if  reasonably  in  doubt,  there  could 
be  no  just  nor  conscionable  ground  on  which  it  could  be  permit- 
ted to  operate.    Equity  will  not  permit  a  party  to  a  contract  to 
enforce  it  or  to  compel  the  forfeiture  by  means  manifestly  never 
intended  and  such  as  are  clearly  harsh  and  oppressive,  and  the 
rule  in  equity  is  that  where  a  penalty  or  forfeiture  clause  is  de- 
signed merely  as  a  security  to  enforce  the  principal  obligation, 
it  is  as  much  against  conscience  to  permit  a  party  to  pervert  it  to 
a  different  and  oppressive  purpose  as  it  would  be  to  allow  him 
to  substitute  another  for  the  principal  obligation. 

Lehigh  Valley  Railroad  Co.  t?.  Searle  (Pennsylvania),  ©4  Atlantic,  74,  p.  77, 
March,  1915. 

GUI  AND  GAS  LEASES. 
NATUBE  OF  LEASE — ^RECORDINQ  NECESSARY. 

An  oil  and  gas  lease  is  a  chattel  real  as  contradistinguished  from 
real  property,  and  while  it  merely  grants  the  right  to  prospect  for 
oil  and  gas,  vesting  no  title  in  the  land  itself  and  no  title  to  the  oil 
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and  gas  until  reduced  to  actual  possession,  it  is  required  by  the 
statute  to  be  in  writing,  acknowledged  and  recorded  in  order  to  be 
valid  against  third  persons. 

Tnpeker  v.  Deaner  (Oklahoma),  148  Pacific,  853,  May,  1915. 

CONSTRUCTION — ABEA  FOR  OPERATING  WELIi — ^PAROL  PROOF  INADMISSIBLE. 

In  an  action  involving  the  construction  and  the  rights  of  the 
parties  under  an  oil  and  gas  lease  and  for  a  forfeiture  of  the  same 
which  gave  to  the  lessee  the  necessary  space  to  operate  a  well,  in  a 
case  of  forfeiture  the  lessee  is  not  entitled  to  prove  a  parol  agreement 
to  the  effect  that  he  should  be  entitled  to  an  acre  of  land  for  each 
well  opened. 

Moore  v.  Decker  (Texas  Civil  Appeals),  176  Southwestern,  816,  p.  817, 
May,  1915. 

CONSTRTTCnON  AND   CONSIDERATION — ^IMPLIED   COVENANT  TO   OPERATE — 

FORFEirURE. 

A  lease  or  conveyance  of  all  the  oil  and  gas  and  other  minerals  in 
and  under  certain  described  lands  for  a  stated  consideration,  giving 
the  right  to  enter  and  drill  and  operate  for  oil,  and  providing  for 
a  stipulated  royalty  or  portion  of  the  oil  produced,  and  providing 
that  in  case  operations  are  not  commenced  and  prosecuted  with  due 
diligence  on  or  before  a  certain  stated  date,  then  the  grant  should 
immediately  become  null  and  void  as  to  both  parties,  and  if  oil  and 
gas  or  other  minerals  shall  be  discovered  the  grant  or  conveyance 
shall  be  in  full  force  and  effect  for  25  years  from  the  time  of  dis- 
covery and  as  much  longer  as  oil,  gas,  or  other  minerals  can  be 
produced  in  paying  quantities,  is  satisfied  by  commencement  of 
operations  within  the  stated  time,  and  the  discovery  of  oil  by  an 
assignee  of  the  grantee  or  lessee  inured  to  the  benefit  of  both 
assignee  and  lessee  and  to  the  benefit  of  the  tract  of  land  subleased 
as  well  as  to  the  remaining  original  leased  tract,  and  to  that  extent ' 
had  the  effect  of  vesting  the  right  of  the  original  grantee  or  lessee 
in  the  assignee  or  sublessee,  and  the  assignee  of  the  lessee  thereby 
became  the  tenant  of  the  lessor  by  agreement  for  the  specified  term 
of  25  years  and  not  at  will  and  could  not  be  divested  of  this  vested 
right  at  the  will  of  the  lessor.  But  the  conveyance  or  lease  must 
be  held  to  contain  an  implied  obligation,  if  not  expressed,  that  the 
lessees  would  continue  to  mine  and  operate  the  lease  for  the  produc- 
tion of  oil  and  gas  during  the  time  of  its  continuance,  and  that  as 
a  part  of  the  consideration  for  the  lease,  one-eighth  of  the  oil  pro- 
duced should  be  delivered  to  the  lessor;  and  this  and  other  provi- 
sions clearly  evidence  the  purpose  not  only  to  prospect  for  and 
discover  oil  but  to  produce,  transport,  and  drill  for  oil,  and  pipes 
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were  to  be  laid  for  such  purpose,  and  the  mere  discovery  of  oil  did 
not  require  the  performance  of  all  the  provisions  set  out  The 
agreement  implies  that  the  lessee  or  his  assigns  will  produce  oil 
upon  the  discovery  during  the  term  and  will  pay  the  stipulated 
royalty,  and  a  failure  on  the  part  of  the  lessee  or  his  assigns  to 
perform  this  implied  obligation  or  condition  subsequent  would  work 
a  forfeiture  of  the  lease.  But  a  mere  temporary  cessation  of  work 
in  operating  or  drilling  on  the  land  for  oil  should  not  work  a  for- 
feiture of  the  lease  in  consideration  of  the  very  large  sum  paid  in 
the  first  instance  and  large  expenditures  made  by  tiie  assignees  in 
drilling  wells;  and  the  evidence  to  justify  a  forfeiture  should  show 
more  than  the  abandonment  of  the  wells  when  they  ceased  to  produce 
and  it  would  be  unreasonable  to  require  a  continued  pumping  of  a 
well  which  had  ceased  to  pay  anything  or  to  leave  the  casing  in  a 
well  in  which  there  had  never  been  any  oil.  But  if  the  lessee  or  his 
assigns  discovered  oil  and  prosecuted  their  discovery  with  diligence 
and  in  good  faith,  though  they  should  exhaust  their  well  or  abandon 
one  producing  no  oil,  a  forfeiture  should  not  be  declared  as  a  matter 
of  law,  and  the  mere  cessation  alone  ought  not  to  produce  a  for- 
feiture unless  the  proof  clearly  showed  an  abandonment  of  the  lease. 

Fisher  v.  Orescent  Oil  Oo.  (Texas  OivU  Appeals),  178  Southwestern,  905, 
June,  1915. 

OONSTRUCnON — WRIGHTS  AND  IIABIUTIBS  OF  liBSSOR  AND  LESSEE. 

An  oil-and-gas  lease  containing  a  provision  of  forfeiture  on  failure 
of  the  lessee  to  perform  its  conditions  is  for'  the  benefit  of  the  lessor 
only,  and  he  can  either  avail  himself  of  such  failure  under  the  lease  or 
he  can  waive  the  forfeiture  and  collect  the  rentals  stipulated  in  the 
lease  unless  there  is  an  express  stipulation  to  the  effect  that  the  lease 
shall  become  null  and  void  unless  the  lessee  shall  either  drill  within 
the  stated  time  or  pay  the  rental,  or  words  of  similar  import. 

Oohn  V.  Olark  (Oklahoma),  150  Pacific,  467,  p.  471,  June,  1915. 

LESSEE  PROTECTED  BY  JT7DGMENT. 

Where  an  oil-and-gas  lease  gave  to  the  lessee  the  use  of  such  space  as 
is  necessary  to  operate  a  well  the  lessee  can  not  complain  of  a  judgment 
giving  the  possession  of  the  land  upon  which  the  well  was  drilled  to 
the  lessor,  the  judgment  expressly  recognizing  and  giving  to  the 
lessee  the  use  of  such  space  as  is  necessary' to  operate  the  well  drilled 
by  the  lessee. 

Moore  v.  Decker  (Texas  CivU  Appeals),  176  Southwestern,  816,  p.  817, 
May,  1915. 
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IJB8S0B  ENJOINED  FROM  EXECIPpNG  SECOND  LEASE. 

Where  the  holder  of  a  valid  oil-and-gas  lease  has  obtained  vested 
rights  by  drilling  wells  and  by  the  production  of  oil  and  gas,  equity 
will  enjoin  the  lessor  from  creating  a  cloud  on  his  title  by  executing 
to  a  stranger  another  lease  on  the  same  property  where  it  appears  to 
be  reasonably  certain  that  such  cloud  will  be  created  imless  enjoined. 

Oastlebrook  Carbon  Black  Co.  v.  FerreU  (West  Virginia),  85  Southeastern, 
544,  p.  546,  May,  1915. 

ASSIGNEE  ACCEPTING  ASSIGNMENT  WITH  NOTICE  OF  PRIOR  USASE. 

In  the  assignment  of  an  oil-and-gas  lease  of  all  the  right,  title,  and 
interest  of  the  lessee,  an  assignor  therein,  there  is  no  implied  war- 
ranty of  title,  and  an  assignee  who  accepts  such  assignment  with 
knowledge  of  an  existing  prior  lease  on  the  same  premises  can  not 
complain  and  can  not  recover  the  money  paid  for  the  assignment  or 
damages  because  of  the  existence  of  such  prior  lease. 

Tapeker  v.  Deaner  (Oklahoma),  148  Pacific,  853,  May,  1915. 

ASSIGNMENT — ^EFFECT  AND  UABILITT  OF  ASSIGNEE. 

Under  an  assignment  of  an  oil-and-gas  lease,  stating  that  it  is 
intended  to  convey  and  does  convey  to  the  assignee  an  undivided  one- 
eighth  interest  in  the  working  interest  of  the  lease  without  any  obli- 
gation on  the  part  of  the  assignee  to  the  assignor,  by  virtue  of  a  certain 
prior  contract  and  assignment,  and  reciting  further  that  the  assignment 
is  made  subject  to  the  terms  and  conditions  of  the  lease,  the  words 
"  subject  to  "  are  words  of  classification  and  not  of  contract,  and  the 
assignee  did  not  enter  into  a  personal  obligation  to  fulfill  any  of  the 
terms  of  the  lease  but  simply  took  a  one-eighth  interest  charged  with 
the  burden  placed  upon  him  by  the  terms  of  the  lease  and  was  not 
liable  personally  for  any  more  than  one-eighth  of  the  expenses 
incurred  in  development  of  the  oil-and-gas  lease. 

CJox  V.  Butts  (Oklahoma),  149  Pacific,  1090,  p.  1091,  June,  1915. 

LIABIUTY  OF  ASSIGNEE  FOR  RENT. 

Where  a  lease  of  land  for  oil  and  gas  provides  that  a  certain  sum  shall 
be  paid  each  year  as  royalty  on  the  gas  produced  from  each  well  and 
marketed  off  the  premises,  and  where  it  appears  that  the  lessee  oper- 
ates  the  lease,  markets  the  gas  from  wells  thereon  for  a  portion  of  the 
year,  and  thereafter  assigns  the  lease,  the  assignee,  in  the  absence  of  a 
special  contract,  is  not  liable  for  the  royalties  accruing  on  the  wells. 
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the  product  of  which  was  marketed  prior  to  such  asfflgmnent  of  the 
lease,  regardless  of  the  particular  time  when  such  royalties  became 
due  and  payable  under  the  terms  of  the  lease,  but  in  such  case  the 
original  lessee  and  assignee  is  liable  for  the  royalties  that  accrued 
during  the  time  he  so  marketed  the  product  and  enjoyed  the  estate. 

Ck>lumbus  Gas  &  Fuel  Ck).  i;.  Knox  County  Oil  &  Gas  Ck).  (Ohio),  109  North- 
eastern, 529,  p.  580. 

LIABUJTT  OF  ASSIGNEE  FOR  BENTS — ^RELATION  AND  LIABILITT  OF  LWSSKF.. 

The  lessee  of  an  oil  and  gas  lease  may  be  liable  by  the  terms  of 
the  lease  for  the  rents  and  royalties  accruing  during  the  entire  term 
of  the  lease ;  and  if  the  lease  is  assigned,  in  the  absence  of  a  ccmtract 
assuming  further  liability,  the  assignee  is  liable  only  for  the  rent 
accruing  after  the  assignment ;  and  as  to  such  rent  or  royalty  accru- 
ing after  assignment  the  original  lessee  stands  in  relation  of  surety 
to  the  assignee,  and  under  the  statute  of  Ohio  may  maintain  an  action 
against  such  assignee  for  any  rent  or  royalty  accrued  and  due  and 
unpaid  after  the  assignment  of  the  lease. 

Columbus  Gas  &  Fuel  Co.  v.  Knox  County  Oil  &  Gas  Co.  (Ohio),  109  North- 
eastern, 529,  p.  530. 

ACTION  BY  ASSIGNEE  TO  QUIET  TTTLB — ^ASSIGNOR  NOT  NECESSARY  PARTY. 

The  original  lessee  and  assignor  of  an  oil  and  gas  lease  is  not  a 
necessary  party  defendant  to  an  action  by  the  assignee  of  an  ordi- 
nary oil  and  gas  lease,  brought  to  quiet  his  title  and  to  enjoin  the 
lessor  from  executing  a  second  lease  on  the  same  land,  where  the 
assignment  is  absolute  and  unconditional,  under  the  rule  that  where 
an  assignment  is  absolute  and  unconditional  leaving  no  equitable 
interest  whatever  in  the  assignor,  and  the  extent  and  validity  of  the 
assignment  is  neither  doubted  nor  denied  and  there  is  no  remaining 
liability  in  the  assignor  to  be  affected  by  the  decree,  he  is.  not  a  neces- 
sary party. 

Castlebrook  Carbon  Black  Co.  v.  Ferrell  (West  Virginia),  85  Southeastern, 
544,  p.  545,  May,  1915. 

COVENANT  TO  DBILL  WELLS  OR  PAT  FORFEIT — SINGLE  PENAI.Tr. 

A  covenant  in  an  oil  and  gas  lease  absolutely  binding  the  lessee 
to  complete  a  well  on  the  premises  within  four  months  and  providing 
conditionally  that  he  should  complete  three  more  within  successive 
periods  of  three  months,  unavoidable  delays  after  starting  to  drill 
excepted,  and  providing  that  upon  failure  to  drill  and  complete  the 
wells  or  any  of  them  the  lessee  shall  pay  $100  forfeit  for  each  well 
specified  which  he  had  not  then  completed,  or  surrender  the  lease  for 
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« 

cancellation,  imposes  one  penalty  for  the  nondrilling  of  each  well 
and  not  successive  penalties  for  each  failure  to  be  paid  every  three 
months. 

Petty  V.  United  States  Fuel  Gas  Co.  (West  Virginia),  85  Southeastern,  523, 
May,  1915. 

FAILX7RE  TO  OPERATE — BEOOVBRT  OF  BENTAI* 

Under  an  oil  lease  providing  that  the  lessee  should  commence  oper- 
ations in  drilling  for  oil  at  a  particular  date,  or  thereafter  pay  to  the 
lessor  a  stipulated  sum  per  acre  per  annum  until  a  well  is  drilled, 
or  the  lease  shall  be  null  and  void,  the  lessor  may,  upon  the  lessee-s 
failure  to  begin  operations  by  drilling  for  oil  within  the  stipulated 
time,  maintain  an  action  for  the  stipulated  rental  until  a  well  is 
drilled  or  until  the  lease  is  terminated  or  canceled  under  the  sur- 
render clause  contained  therein. 

Cohn  V.  Clark  (Oklahoma),  150  Pacific,  467,  p.  469,  June,  1915. 

DAMAGES  FOR  FAILT7RE  TO  DELIVER  OSASB — ^INSUFFICIENT  FINDINGS. 

In  an  action  for  damages  by  a  complainant  against  an  oil  company 
as  the  owner  of  lands  for  the  failure  of  such  oil  company  to  deliver 
to  the  complainant  a  lease  supported  by  a  fee  title  to  certain  oil  lands, 
together  with  an  oil  well  assumed  to  be  located  thereon,  wherein  the 
complainant  alleged  that  the  defendant  landowner  represented  that 
it  was  the  owner  in  fee  simple  title  of  the  real  estate  described  and 
that  there  was  located  thereon  a  certain  oil  well  capable  of  producing 
60  barrels  per  day  and  representing  that  there  was  located  adjacent 
to  such  land,  and  which  would  be  available  for  the  complainant's 
use,  a  standard  drilling  rig,  boiler,  and  engine  in  good  condition, 
with  a  complete  outfit  of  drilling  tools  and  a  large  footage  of  casing; 
and  alleging  further  that  he  had  paid  on  account  of  the  rental  re- 
served a  large  sum  of  money,  and  that  the  drilling  rig,  boiler,  engine, 
and  drilling  tools  were  not  in  good  condition  and  that  the  oil  com- 
pany refused  to  deliver  a  lease  to  160  acres  of  proven  oil  land  of 
which  it  was  vested  with  a  fee  simple  title,  a  judgment  for  $5,200 
damages  can  not  be  sustained  where  the  findings  of  the  court  are 
not  definite  and  do  not  show  tlie  separate  items  of  damages  making 
the  sum  total,  although  the  findings  are  definite  as  to  some  of  the 
particular  items  of  damages;  and  the  judgment  for  the  return  of  the 
money  paid  as  part  consideration  of  the  lease  can  not  be  upheld  where ; 
the  action  did  not  proceed  upon  the  theory  of  rescission,  and  where 
there  was  no  oflPer  to  rescind  or  return  the  consideration  and  where 
it  is  not  alleged  that  the  lease  which  the  complainant  obtained  was 
without  value. 

HulUnger  v.  Big  Sespe  OU  Co.  (California),  151  Pacific,  369,  August,  1915. 
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NO  TIMB  FIXED  FOR  PATKENTS — BBA80NABLE  TTME  IMFUB). 

An  oil  and  gas  lease  providing  that  in  case  no  well  is  conunenoed 
within  90  days  the  lease  should  be  null  and  void,  unless  the  lessee 
should  pay  for  the  delay  at  the  rate  of  50  cents  a  day  until  a  well  was 
commenced,  can  not  be  canceled  by  the  lessor  where  he  had  accepted 
payment  after  the  default  of  101  days  and  the  payment  of  50  cents  a 
day  fixes  the  rate  and  not  the  times  of  payment,  and  under  such  an 
agreement  payments  at  reasonable  times  for  a  default  in  the  failure 
to  drill  is  sufficient  to  preserve  the  lease;  and  payments  quarterly  are 
to  be  regarded  as  reasonable. 

Smith  V.  Steele  (Kansas),  150  Pacific,  519,  p.  520,  July,  1915. 

APPLICATION  OP  FORPEITURE  CLAUSE — ^RENTALS  DISTINCT  FROM  ROTALTIES. 

A  clause  in  an  oil  and  gas  lease  to  the  effect  that  the  failure  of  the 
lessee  to  complete  a  well  upon  the  premises  described  within  the  time 
specified  or  to  pay  the  rentals  at  the  time  and  in  the  manner  as  therein 
provided  shall  ipso  facto  work  a  forfeiture  of  the  lease  without  notice 
applies  only  to  rentals  provided  to  be  paid  for  delay  in  drilling  and 
not  to  rentals  or  royalties  to  be  paid  for  gas  from  a  producing  well. 

Oastlebrook  Carbon  Black  Go.  r.  Ferrell  (West  Virginia),  85  Southeastern, 
544,  p.  545,  May,  1915. 

ABANDONMENT  AND  FORFEITURE. 

The  distinction  between  "forfeiture"  and  "abandonment"  as 
applied  to  oil  and  gas  conveyances  and  leases  is  so  shadowy  that  in 
discussing  the  one  necessarily  the  conditions  of  the  other  are  in- 
volved ;  but  one  distinction  is  that "  abandonment "  rests  on  the  inten- 
tion of  the  parties,  while  forfeiture  does  not  rest  upon  intent  to 
release  the  premises,  but  is  an  enforced  release,  and  abandonment  in 
this  sense  is  the  relinquishment  of  a  right,  and  a  vested  title  can  not 
ordinarly  be  lost  by  abandonment  unless  there  is  satisfactory  proof 
of  an  intention  to  abandon,  and  the  existence  of  an  intent  to  waive 
or  abandon  the  right  to  drill  for  oil  and  gas  under  the  lease  is  a 
question  of  fact,  and  the  lessor  must  show  an  intention  on  the  part 
of  the  lessee  to  abandon  the  lease ;  and  if  the  proof  would  authorize 
the  conclusion  that  there  was  no  such  intention,  then  a  court  would 
not  be  justified  in  decreeing  a  forfeiture  of  the  lease.  The  fact  that 
a  lessee  had  abandoned  work  on  a  dry  well  and  removed  therefrom  the 
casing  is  not  sufficient  evidence  of  the  abandonment  of  a  vested  right 
under  a  voidable  lease,  nor  is  the  intention  to  abandon  established  by 
the  further  fact  that  the  lessee  was  afterwards  unfortunate  enough  to 
drill  a  dry  hole.  Under  a  lease  for  a  specified  term  and  a  stated  val- 
uable consideration  paid  the  lessee  may  continue  his  efforts  to  discover 
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oil  and  gas  or  mineral  by  continued  diligent  drilling  during  the  entire 
term  of  the  lease. 

Fisher  v.  Crescent  Oil  Co.  (Texas  Civil  Appeals),  178  Southwestern,  905,  p. 
908,  June,  1915. 

RIGHT  OP  I£SS£E  TO  DRILL  ON  RAILROAD  RIGHT  OF  WAT — ^APPEAL  FROM 

INJUN  CTTION. 

An  oil  and  gas  lessee  authorized  to  drill  and  operate  for  oil  and  gas 
on  the  right  of  way  of  a  railroad  company  is  entitled  to  appeal  from 
a  judgment  enjoining  operations  under  the  allegation  that  the  lessee 
is  the  lessee  of  the  railroad  company  which  acquired  its  rights  and  its 
right  of  way  only  by  virtue  of  the  power  of  eminent  domain  and  for 
railroad  purposes,  and  that  the  drilling  of  an  oil  well  for  personal 
gain  is  not  for  such  a  purpose  and  will  inflict  injury  upon  the  com- 
plainant by  draining  oil  from  his  adjoining  lands. 

Hayne  v.  Edenbom  (Louisiana),  68  Southern, TST,  p.  738,  May,  1915. 

LEASE  EXECUTED  PENDING  SUIT — WRIGHTS  OF  LESSEE. 

An  oil  and  gas  lessee  who  acquires  his  lease  from  a  party  to  a  pend- 
ing suit  can  not  acquire  any  interest  in  the  land  during  the  pendency 
of  such  suit  from  a  party  to  the  suit  that  would  defeat  any  decree  the 
court  might  make,  but  such  lessee  is  bound  by  the  court's  decree  as  if 
fi  party  to  the  cause,  and  the  fact  that  he  may  have  acquired  the  lease 
without  actual  notice  of  the  claim  of  the  plaintiff  in  the  pending  suit 
is  not  effective  as  a  matter  of  law,  and  such  lessee  is  not  entitled  on 
his  application  to  be  made  a  party  to  the  suit  for  the  alleged  purpose 
of  protecting  his  interest. 

Taylor  v.  Taylor  (West  Virginia),  85  Southeastern,  652,  p.  654,  June,  1915. 

MINING  PROPERTIES. 

TAXATION. 
MINING   CLAIMS   SUBJECT  TO  TAXATION. 

The  land  upon  which  an  unpatented  lode-mining  claim  is  located 
may  not  be  taxed,  for  the  title  to  the  land  is  in  the  United  States ; 
but  the  right  of  possession  of  such  a  mining  claim  is  property  of 
great  value  and  is  distinct  from  the  land  itself,  and  is  therefore 
subject  to  taxation.  In  such  case  the  land  on  which  such  mine  is 
located  is  not  assessed  for  taxes,  but  the  claim  itself,  the  right  of 
possession  of  the  land  for  mining  purposes  is  the  property  that  is 
assessed,  and  a  State  hag  the  power  to  tax  such  interest  in  a  mining 
claim  and  to  enforce  the  collection  of  the  tax  by  a  sale. 

Earhart  i;.  Powers  (Arizona),  148  Padfle,  286,  p.  287,  May,  1915. 
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MINING  CLAIMS  AS  FEB0ONAL  PROPERTY. 

For  the  purpose  of  taxation  the  term  "  personal  property  "  includes 
any  interest  or  equity  in  a  valid  claim  to  nonpatented  mining  claims, 
either  lode  or  placer. 

Earhart  v.  Powers  (Arizona),  148  Pacific,  286,  p.  288,  May,  1915. 

RIGHT  OF  POSSESSION  AS  DISTINCT  FROM  LAND. 

The  inclusion  of  a  "mining  claim"  in  the  term  "personal  prop- 
erty" as  provided  by  section  4847  of  the  statutes  of  Arizona  (Civil 
Code  of  Arizona,  1913)  is  clearly  a  recognition  by  the  legislature 
that  the  right  of  possession,  as  distinct  from  the  land  itself,  is  made 
the  subject  of  taxation  and  must  be  assessed  at  its  full  cash  value, 
and  there  is  no  provision  either  in  the  constitution  of  Arizona  or  in 
the  legislative  enactments  that  makes  this  species  of  property  called 
"  mining  claims,"  which  is  capable  of  private  ownership,  not  taxable. 

Earhart  v.  Powers  (Arizona),  148  Pacific,  286,  p.  288,  May,  1915. 

MINES  AND  MINING  CLAIMS — ^POSSESSORY  BIGHT. 

By  the  term  ^'  mining  claim  "  the  possessory  title  is  indicated,  and 
by  the  term  ^^  mine  "  the  title  to  the  land  as  distinguished  from  the 
mere  possessory  right  thereto  is  shown;  and  the  use  of  the  words 
^^  mines  and  mining  claims  "  in  the  statute  governing  the  subject  of 
taxation  distinguishes  between  the  cases  in  which  there  is  owner* 
ship  of  land,  and  therefore  perfect  title  to  the  land,  and  those  cases 
wherein  the  miner  has  the  exclusive  possession  and  enjoyment  of 
the  land  for  mining  purposes. 

Earhart  v.  Powers  (Arizona),  148  Pacific,  286,  p.  287,  May,  1915. 

FRANCHISE  TO   PROSPECT   METAL   LAND  TAXABLE. 

A  conveyance  by  which  the  grantor  conveyed  to  the  grantee  all  the 
oil,  gas,  coal,  and  other  minerals  in  and  under  a  particular  tract  of 
land  described  for  a  valuable  consideration  in  a  stated  amount  and 
certain  stipulated  royalties,  with  the  exclusive  ri^t  of  ingress  and 
egress  for  the  purpose  of  drilling,  mining,  and  operating  for  such 
minerals  and  the  conduct  of  all  operations,  and  the  erection  of 
appliances  and  structures,  the  laying  of  all  pipe  lines  necessary  for 
the  production,  mining,  storing,  and  transportation  thereof,  and 
providing  further  that  the  grantee  should  begin  operations  within 
one  year  from  the  time  of  the  delivery  of  the  instrument,  creates  an 
estate  that  is  subject  to  taxation  against  the  owner  of  the  fee  as  a 
part  of  the  land,  the  same  as  any  other  valuable  right  or  privilege 


MINING  PBOPERTIES.  107 

under  the  statute  of  Texas  (Art.  7504),  making  taxable  all  the 
rights  and  privileges  belonging  to  or  in  any  wise  appertaining  to 
real  property,  and  of  mines,  minerals,  quarries,  and  fossils  in  and 
under  the  same. 

Texas  CJo.  v.  Dangherty  (Texas),  176  Southwestern,  717,  May,  1915. 

EXEMPTIONS   TO   STIMUIiATE    MININQ. 

Article  10,  section  1,  of  the  constitution  of  Nevada,  as  originally 
adopted,  exempted  all  mines  from  taxation;  but  this  section  was 
amended  so  as  to  permit  assessments  for  taxation  of  all  patented 
mining  claims,  but  any  patented  mining  claim  upon  which  $100 
worth  of  work  is  annually  done  is  made  exempt  from  taxation,  and 
the  purpose  of  this  change  was  to  stimulate  mining. 

Goldfield  Consolidated  Milling,  etc.,  Co.  v.  Old  Sandstrom  Annex  Gold  Mining 
Go.  ( Nevada),  150  Padflc,  313,  p.  3ie,  July,  1916. 

OONSTXTUnONAIi  PROVISIONS — CLASSIFICATION. 

Article  10,  section  3,  of  the  constitution  of  Colorado,  adopted  in 
1876,  provided  that  mines  bearing  precious  metals  should  be  exempt 
from  taxation  for  10  years  from  the  adoption  of  the  constitution, 
and  subsequently  subject  to  taxation.  Subsequently  the  legislature, 
after  obtaining  the  opinion  of  the  supreme  court,'  in  1887,  passed  an 
act  providing  for  the  taxation  of  mines  and  for  this  purpose  divided 
them  into  two  classes,  producing  and  nonproducing,  and  all  mines 
producing  mineral  exceeding  in  value  $1,000  per  annum  were  arbi- 
trarily classed  as  producing  mines.  The  statute  also  provided  that 
all  producing  mines  should  be  valued  for  reveiiue  purposes  at  a  sum 
not  to  exceed  one-fifth  of  the  gross  proceeds  from  any  mine  during 
the  preceding  year;  and  this  act  was  declared  constitutional  and  re- 
mained the  law  until  1902. 

Tallon  V.  Vindicator  ConsoUdated  Gold  Mining  CJo.  (Colorado),  149  Pacific, 
108,  p.  113,  June,  1915. 

CONSTRUCTION  AND  VALTOITY  OP  STATUTE — ^ARBITRART  BTTLE. 

The  legislature  of  Colorado,  in  1902,  amended  the  act  of  1887  pro- 
viding for  the  taxation  of  mines  and  provided  that  all  mines  whose 
gross  production  exceeds  $5,000  per  annum  should  be  classed  as  pro- 
ducing mines  and  all  others  as  nonproducing,  and  that  all  producing 
mines  should  be  valued  for  taxation  at  a  sum  equal  to  one-fourth 
the  gross  proceeds  for  the  preceding  year,  unless  the  net  proceeds 
exceeded  one-fourth  of  such  gross  proceeds,  and  in  that  event  the 
mine  should  be  valued  at  an  amount  equal  to  the  net  proceeds  for  the 
fiscal  year.    This  statute  changed  the  act  of  1887  in  three  particulars : 


108  MINING  DECISIONS. 

1.  Producing  mines  were  raised  from  $1,000  to  $5,000.  2.  The  frac- 
tion was  raised  from  one-fifth  to  one-fourth.  3.  Where  the  net  ex- 
ceeded one-fourth  the  gross  proceeds,  then  the  mine  was  to  be  as- 
sessed at  a  sum  equal  to  the  net  instead  of  a  fraction  of  the  gross 
proceeds ;  and  this  arbitrary  rule  as  to  both  the  acts  of  1887  and  1902 
has  been  held  constitutional  and  valid. 

TaUon  v.  Vindicator  Ck>DSoUdated  Gold  Mining  Co.  (Colorado),  149  Pacific, 
108,  p.  113,  June,  1915. 

CONSTrnmONAMTT  OF  ACT — ^METHOD  OF  FIXING  VALUE  FOR  TAXATION. 

The  legislature  of  Colorado,  in  1913  (Laws  of  1913,  p.  566,  sec.  2), 
amended  the  act  of  1902,  providing  for  the  taxation  of  mines  and 
required  the  local  assessor  to  value  each  producing  mine  at  a  sum 
equal  to  one-half  of  the  gross  proceeds,  plus  all  the  net  proceeds  for 
the  preceding  year;  and,  if  it  was  constitutional  in  1887  for  the  legis- 
lature to  choose  one-fifth  of  the  gross  and  in  1902  one-fourth  of  the 
gross,  unless  the  net  exceeded  one- fourth  of  the  gross,  in  which  event 
all  the  net  should  be  used,  it  was  constitutional  in  1913  for  the  legis- 
lature to  adopt  one-half  the  gross  and  all  the  net  proceeds  as  the 
criterion  or  basis  for  the  assessment  of  producing  mines.  The  legis- 
lature did  not  intend  that  the  fractions  mentioned  in  these  different 
statutes  should  arbitrarily  represent  the  net  proceeds,  as  in  the  act 
of  1902  it  provided  that  the  net  proceeds  should  be  taxed  only  if  it 
exceeded  one-fourth  the  gross  proceeds,  and  the  act  provides  the  gross 
proceeds  shall  be  obtained  by  deducting  the  cost  of  transportation 
and  treatment,  and  the  net  proceeds  shall  be  ascertained  not  by  an 
arbitrary  fraction  of  the  gross  but  by  deducting  from  the  gross  the 
cost  of  reduction,  and  then  that  a  fraction  of  the  ^oss  plus  all  the 
net  obtained  in  this  way  shall  be  a  sum  equal  to  the  value  of  the  mine 
for  taxation ;  and,  while  the  legislature  could  not  say  that  one-half 
the  gross  proceeds  plus  all  the  net  in  fact  equals  the  net  proceeds, 
yet  it  could  lawfully  say  that  the  amount  so  determined  should  rep- 
resent the  value  of  the  mine  for  taxation,  and  in  this  way  it  pro- 
vides a  rule  for  arriving  at  the  value  of  producing  mines  for  taxa- 
tion and  is  constitutional. 

TaUon  v.  Vindicator  Consolidated  Gold  Mining  Co.  (Colorado),  140  Padflc, 
108,  p.  114,  June,  1915. 

CONSTTTUTIONALITT    OF    STATUTE — DISCRIMINATION    IN    TAX    8AI;E8    OP 

MINERAL   LANDS. 

The  statute  of  Wisconsin,  section  1042 j,  Laws  of  1913,  provides  for 
the  taxation  of  all  rights  and  reservations  to  enter  upon  and  take 
away  any  mineral  from  any  described  lands  where  the  title  to  such 
right  of  reservation  is  vested  in  any  person  or  corporation  other  than 
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the  owner  of  the  fee  and  requires  the  same  to  be  separately  assessed 
for  taxation ;  and  provides  also  that  any  such  reservations  and  rights 
may  be  sold  for  nonpayment  of  taxes,  but  limits  the  purchasers  at 
such  tax  sale  to  the  owner  of  the  fee  to  which  the  right  or  reservation 
is  attached  or  to  the  State ;  and  provides  also  that  the  right  or  reser- 
vation acquired  by  the  State  shall  not  be  completely  alienated  or  sold, 
but  may  be  leased  for  limited  •periods  of  time  on  a  royalty  basis. 
This  statute  must  be  treated  as  a  taxing  statute  enacted  for  the  pur- 
pose of  raising  revenue  for  governmental  purposes  and  as  including 
within  its  scope  all  cases  in  which  by  exception,  reservation,  or  ex- 
press grant  the  title  to  ores  and  mineral  land,  together  with  the  right 
of  exploring  for  and  mining  the  same,  are  vested  in  some  person  or 
persons  other  than  the  person  or  persons  who  own  title  to  the  land 
and  its  beneficial  use  for  any  and  all  purposes.  The  existence  of 
valuable  ores  or  minerals  beneath  the  surface  undisclosed  is  not  easily 
ascertainable  but  may  be  known  to  the  owner  by  drilling  and  testing 
the  land;  and  this  is  a  distinction  cognate  to  the  purpose  of  the  stat- 
ute which  would  support  the  discrimination  found  in  the  statute  re- 
quiring such  owner  to  furnish  the  assessor  an  affidavit  of  value,  while 
the  owners  of  other  estates  in  the  same  tract  of  land  are  not  required 
to  do  so.  If  this  were  the  only  objection  to  the  statute,  it  would  be 
held  valid  either  under  the  Federal  or  State  Constitution.  But  the 
fatal  defect  in  the  statute  is  in  the  method  of  acquiring  title  at  tax 
sales.  By  other  statutes  sales  of  real  and  personal  property  of  a 
delinquent  taxpayer  are  subject  to  competitive  bidding  at  public  auc- 
tion, but  imder  the  statute  in  review  the  property  mentioned  is  re- 
turned delinquent,  advertised  for  public  sale,  bidders  are  invited,  and 
the  property  in  all  respects,  except  with  reference  to  the  mode  of 
assessment,  as  other  real  property;  but  the  invited  bidders  are  pro- 
hibited from  bidding  because  they  can  not  become  purchasers,  and  no 
one  but  the  State  or  county  or  the  person  who  owns  the  remaining  in- 
terest in  the  land  can  bid  at  the  sale.  Accordingly,  if  this  is  a  taxing 
statute,  the  purpose  of  which  is  to  raise  revenue  for  the  State  ex- 
penses, this  limitation  of  bidders  is  not  germane  to  but  in  contraven- 
tion of  the  purpose  of  the  statute,  and  discriminates  unjustly  against 
the  holder  of  the  particular  property  described,  because  he  loses  the 
advantage  of  having  some  one  purchase  his  mineral  rights  without 
limitation  or  restriction.  This  discrimination  is  wholly  arbitrary 
and  is  without  legitimate  classification  on  which  it  can  rest,  as  it  does 
not  aid  the  State  in  collecting  its  revenue  to  limit  the  number  of  bid- 
ders, nor  to  require  the  whole  land  to  be  sold,  instead  of  the  smallest 
area,  as  required  by  other  statutes.  While  the  rule  of  taxation  does 
not  extend  to  all  steps  in  enforcing  collection  of  the  tax,  yet  it  does 
extend  to  those  essential  steps  which  are  necessary  parts  of  the  tax 
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proceedings  and  collection  by  demand  or  collection  by  enforcement 
process  are  necessary  steps  in  enforcing  the  collection  of  the  tax. 

State  V.  Donald  (Wisconsin),  158  Northwestern,  238,  p.  289,  June,  1915. 
TAXATION  OF  MINES  AND  NET  PROCEEDS — OONSTrrunONAUTT. 

The  Colorado  statute  of  1913  is  not  unconstitutional  on  the  ground 
that  it  results  in  inequality  and  injustice  between  the  owners  of  pro- 
ducing mines  as  a  class  because  of  the  method  of  arriving  at  the  pro- 
ceeds; but  it  is  neither  the  net  nor  the  gross  proceeds  that  are  taxed, 
and  these  are  only  employed  in  formulating  a  rule  by  which  the  value 
of  the  mine,  the  only  thing  taxed,  may  be  established  or  approxi- 
mated for  the  purposes  of  taxation,  and  the  fact  that  there  may  be 
low-grade  and  high-grade  mines  and  the  difference  in  the  cost  of  pro- 
duction and  extraction  are  too  remote  to  annul  the  statute.  The  fact 
that  mining  operations  are  attended  with  so  many  intricate  difficul- 
ties, uncertainties,  and  complications,  any  mode  provided  for  taxa- 
tion may  produce  many  inequalities  and  hardships  in  particular  cases, 
and  the  ingenuity  of  man  can  not  devise  a  system  for  the  taxation  of 
mines  in  which  this  will  not  be  the  case.  The  very  character  of  the 
property  is  such  that  there  can  be  no  £fystem  evolved  that  in  some 
instances  will  not  produce  inequality  and  lack  of  imif  ormity  in  taxa- 
tion, and  these  inequalities  must  be  treated  as  an  unavoidable  inci- 
dent to  the  ownership  of  such  property.  It  follows  that  the  act  of 
1913  is  constitutional  and  provides  the  rule  for  establishing  the  value 
of  producing  mines  for  taxation  in  the  State  of  Colorado. 

Tallon  1?.  Vindicator  Consolidated  Gold  Mining  Co.  (Colorado),  149  Pacific, 
108,  p.  115,  June,  1915. 

GROSS  PROCEEDS. 

The  words  ^'  gross  proceeds "  as  applied  to  the  taxation  of  mines 
and  as  a  basis  of  taxation  mean  the  amount  of  money  actually  re- 
ceived by  the  mine  owner  for  his  ore  after  deducting  the  cost  of 
transportation  to  the  place  of  sale  or  reducticm,  and  the  cost  of 
sale,  treatment,  or  reduction. 

Tallon  V.  Vindicator  Consolidated  Gold  Mining  Co.  (Colorado),  149  Pacific, 
108,  p.  116,  June,  1916. 

RELATIVE  VALUATION  OF  MINING  AND  OTHER  PROPERTIES. 

Under  the  statutes  of  Michigan  (act  No.  114,  Public  Acts  of  1911), 
the  owner  of  a  mine  or  mining  property  that  has  been  assessed 
according  to  the  provisions  of  the  statute  for  assessing  mining  prop- 
erty for  taxation  can  not  have  the  assessment  set  aside  and  the 
taxes  declared  invalid  on  the  groimd  that  his  property  was  valued 
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relatively  at  too  large  a  sum  contrasting  with  valuation  of  other 
classes  of  real  property  and  with  the  valuation  of  personal  property. 

Newport  Mining  Co.  v.  City  of  Ironwood  (Michigan),  152  Northwestern, 
1068,  p.  10^,  June,  1915. 

INVAMD  ASSESSMENT — INJUNCTION. 

An  assessment  of  mining  property  for  taxation  is  not  fraudulent 
merely  because  of  being  excessive  if  the  assessors  have  not  acted 
from  improper  motive;  but  if  purposely  made  too  high  through 
prejudice  or  a  reckless  disregard  of  duty  in  opposition  to  what 
must  necessarily  be  the  judgment  of  all  competent  persons,  then  a 
case  is  made  for  the  equitable  remedy  of  injunction,  as  the  tax  in 
such  case  is  necessarily  invalid. 

Sunday  Lake  Iron  Co.  v,  Wakefield  Township  (Michigan),  153  Northwestern, 
14,  p.  16,  June,  1915. 

METHODS  OF  ASSESSING  MINES  AND  MINING  PROPERTIES. 

The  statute  of  Michigan  (Act  No.  114,  Public  Acts  of  1911), 
makes  it  the  duty  of  the  State  tax  commissioner  to  investigate, 
examine  into,  inventory,  and  appraise  all  mining  properties  in  the 
State  and  all  mineral  rights  which  are  subject  to  taxation  and  gives 
the  commissioners  authority  to  inspect  the  books  and  papers  of 
any  person,  firm,  or  corporation  owning,  operating,  or  interested  in 
mining  properties  or  mineral  rights,  and  also  to  examine  under  oath 
officers  and  agents  of  any  such  person,  firm,  or  corporation,  and  to 
employ  the  assistance  of  expert  engineers,  and  directs  that  the 
quantity  and  value  of  minerals,  when  known  to  be  available  therein, 
must  be  considered  by  the  assessor  in  determining  the  value  of  land 
for  taxation;  and  while  the  availability  and  value  of  minerals, 
unmined,  are  not  matters  of  conamon  knowledge,  nor  to  be  correctly 
ascertained  or  estimated,  except  by  men  possessed  both  of  certain 
particular  information  and  of  expert  knowledge,  yet  a  number  of 
factors  must  be  considered  in  determining  whether,  it  being  ap- 
parent that  there  is  a  deposit  of  ore  in  a  given  locality,  it  is  avail- 
able where  no  mine  or  mining  is  carried  on;  and  in  such  case  its 
availability,  meaning  its  commercial  value  and  the  ease  and  cost 
of  obtaining  it,  must  be  considered  as  well  as  its  quality  and  quan- 
tity, and  accordingly  if  the  extent  and  quantity  of  the  ore  body 
is  faiown  or  estimated  one  important  factor  in  determining  taxable 
value  or  cash  value  is  secured.  Another  factor  is  the  price  to  be 
paid  for  the  mining  and  usually  this  price  would  be  a  fixed  price 
per  ton  during  the  continuance  of  mining  operations,  or  a  variable 
price,  depending  upon  the  quantity  or  selling  price,  of  ore  mined  and 
shipped  or  both;  and  to  obtain  this  price  the  expense  of  opening 
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a  mine  and  conducting  mining  operations  would  be  incurred,  and  if 
the  adventure  was  successful  the  owner  of  the  ore  mined  must  be 
paid  his  royalties,  his  selling  price  of  the  ore;  but  for  purposes  of 
taxation  the  State  is  not  bound  to  accept  the  amount  of  royalty 
bargained  for  by  the  owner  of  the  land  and  mineral  as  controlling 
its  valuation,  as  it  not  infrequently  occurs  that  where  the  ore  body 
is  once  developed  the  lessee  may  be  able  to  sell  it  upon  a  royalty 
basis  in  excess  of  the  royalty  provided  in  the  lease;  but  in  any  event 
the  miner  pays  the  royalty,  and  if  successful  in  his  operations  makes 
a  profit  on  the  ore  mined.  But  many  of  these  difficulties  are  elimin- 
ated where  a  mine  is  opened  and  in  operation  and  where  the  quality 
of  ore  s  assured  and  the  quantity  to  a  certain  point  is  determinable 
and  measurable,  and  where  with  the  equipment  a  definite  quantity 
of  ore  can  be  and  has  been  mined  and  marketed  annually  and  the 
cost  of  mining  and  the  market  price  of  the  ore  thus  definitely  fixed, 
and  where  with  such  equipment  and  operation  at  a  given  rate  of  min- 
ing the  known  ore  body  would  be  exhausted  in  a  determinable  period 
and  during  which  the  value  of  the  ore  would  be  recovered  in  install- 
ments. The  remaining  difficulty,  for  the  purpose  of  assessment,  is 
the  quantity  of  ore  or  mineral  not  in  sight  and  the  present  value 
of  the  land.  If  under  such  circumstances  a  rule  or  method  exists 
by  which  mining  engineers  and  business  men  ascertain  the  value  of 
ore  bodies  for  the  purpose  of  buying  and  selling  them,  and  if  no 
better  rule  is  or  can  be  suggested,  there  is  no  reason  why  the  State, 
for  the  purposes  of  taxation,  may  not  use  the  methods  of  business  to 
ascertain  such  values,  and  in  thus  doing  the  State  treats  the  peculiar 
subject  of  taxation  as  the  subject  requires,  and  does  not  change 
or  modify  a  cardinal  rule  of  taxation,  but  only  applies  it;  and  the 
legislature  has  provided  as  an  aid  to  assessing  officers  expert  judg- 
ment upon  the  subject  and  the  fq^  that  experts  and  business  men 
do  estimate  and  deal  in  mining  properties  with  reference  to  the 
future  cost  of  mining  and  with  reference  to  the  future  price  of  ore 
as  well  as  the  estimated  quantity  and  value  of  the  ore  body,  and 
do  not  regard  these  estimates  as  too  uncertain  to  be  made  the  basis 
for  present  Valuation  of  a  mine  as  a  matter  of  business,  and  ac- 
cordingly the  State  is  justified  in  acting  upon  considerations  upon 
which  business  men  act,  so  long,  at  least,  as  these  considerations 
appear  to  universally  affect  and  determine,  for  business  purposes, 
for  buying  and  selling,  th^value  of  mining  properties,  and  where 
such  methods  appear  to  be  scientific  and  the  result  is  justified  by 
experience. 

Newport  Mining  Co.  t\  City  of  Ironwood    (Michigan),  152  Northwestern, 
1088,  p.  1094,  June,  1915. 

See  Sunday  Lake  Iron  Go.  v.  Wakefield  Township   (Michigan),  153  North- 
western, 14,  June,  1915. 
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VALIDITY  OF  ASSESSMENT— GOOD  FAITH  OF  STATE  ROARD. 

Where  a  State  board  of  tax  commissioners  in  fixing  the  value  of 
a  mine  for  the  purpose  of  taxation  used  the  information  produced 
for  it  by  disinterested  experts  of  high  standing  in  accordance  with 
authority  granted  by  an  act  of  the  legislature,  and  where  one  of  the 
commissioners  who  had  charge  of  the  review  was  familiar  with  the 
development  of  such  mines  and  the  ore  formation,  acted  honestly, 
fairly,  and  in  good  faith  upon  all  the  information  at  hand  and 
made  a  proper  and  legal  assessment  in  fixing  the  value  of  the  par- 
ticular mine,  it  can  not  be  said  that  the  State  board  acted  in  reck- 
less disregard  of  duty,  and  in  opposition  to  what  must  necessarily 
be  the  judgment  of  all  competent  persons,  and  that  the  assessment 
under  such  circumstances  was  fraudulent  and  the  tax  void,  so  as  to 
entitle  the  owner  to  injunctive  relief,  though  the  assessment  may  in 
fact  be  too  high  or  too  low. 

Sunday  Lake  Iron  Co.  t.  WakeJ3eld  Township  (Michigan),  153  Northwestern, 
14,  p.  17,  June,  1915, 

INEQUALITT  OF  ASSESSMENTS. 

While  in  the  assessment  of  property  for  taxation,  and  particularly 
the  assessment  of  mining  property,  equality  in  taxation  can  never 
be  achieved,  yet  intentional  inequality  of  assessment  will  invalidate 
a  tax. 

Newport  Mining  CJo.  v.  City  of  Ironwood  (Michigan),  152  Northwestern,  1088, 
p.  1095,  June,  1915. 

ERBONEOUS  AND  VOID  ASSESSMENT — ^DISTINCTION. 

Where  a  local  assessor  has  the  constitutional  power  to  assess  min- 
ing property  of  a  mine  and  follows  the  correct  rule  in  making  an 
assessment,  he  is  acting  within  his  jurisdiction;  and  the  fact  that  he 
erred  in  judgment  in  a  proper  construction  of  the  rule  adopted  does 
not  show  such  a  lack  of  jurisdiction  as  would  render  the  tax  void, 
but  makes  it  merely  an  error  in  assessment.  The  diflference  consists 
in  the  absence  of  authority  and  a  mistake  in  its  exercise,  and  comes 
under  the  general  head  of  irregularity,  defect,  omissions,  mistakes, 
or  errors  of  judgment  and  does  not  render  the  tax  prima  facie  void ; 
and  when  a  tax  is  erroneous  or  illegal  for  the  reason  that  the 
assessment  is  erroneous,  the  mine  owner  has  an  adequate  legal  rem- 
edy provided  by  the  statute  and  can  not  invoke  the  jurisdiction  of 
equity  to  have  the  tax  declared  void. 

Tallon  V,  Vindicator  CJonsoUdated  Gold  Mining  Co.  (Colorado),  149  Pacific, 
108,  p.  116,  June,  1915. 
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BASIS  FOB  DBTERBaNINO  VALUE  OF  HINE& 

The  evident  purpose  of  section  4983  (Civil  Code  of  Arizona,  1913) 
is  to  afford  the  basis  for  a  determination  of  the  value  of  a  nonpro- 
ducing  mine  or  mining  claim  for  the  purpose  of  taxation,  just  as  the 
gross  product  and  net  proceeds  in  dollars  and  cents  of  a  producing 
mine  or  mining  claim  are  by  other  sections  of  the  statute  made  the 
basis  for  a  determination  of  the  value  of  such  producing  mines  or 
mining  claims  for  the  purposes  of  taxation. 

Earhart  v.  Powers  (Arizona),  148  Pacific,  286,  p.  288,  May,  1915. 

CORPORATION  TAX — ^DOINO  BUSINESS — WHAT  CONSTITUTES. 

Where  a  mining  company  leased  its  mines  and  mineral  lands  and 
sold  and  assigned  its  personal  property  and  choses  in  action  to  a 
lessee  corporation,  and  for  which  the  stockholders  were  to  receive 
a  certain  annual  stated  per  cent  on  the  amount  of  stock,  and  the 
corporation  was  to  be  paid  a  ceitain  stated  sum  for  the  purpose  of 
maintaining  its  corporate  existence  as  landlord  and  lessor,  and  held 
the  remainder  of  its  mineral  lands  for  the  purpose  of  supplying  from 
time  to  time  the  lessee  lands  and  mines  in  lieu  of  lands  and  mines 
described  in  the  lease  and  which  may  from  time  to  time  be  surren- 
dered by  the  lessee  to  the  lessor,  is  not  doing  business  within  the 
meaning  of  the  corporation  tax  act  of  August  5, 1909  (36  Stat.,  112) , 
and  is  not  subject  to  an  excise  tax  under  the  statute,  as  the  corpora- 
tion in  such  case  falls  within  the  distinction  that  the  right  of  income 
from  outside  property  or  investments  of  a  corporation  that  is  other- 
wise engaged  in  business,  in  which  event  the  investment  income  may 
be  added  to  the  business  income  in  order  to  arrive  at  the  measure  of 
the  tax ;  and  the  right  of  income  from  property  or  investments  of  a 
corporation  that  is  not  engaged  in  business,  except  the  business  of 
owing  property,  maintaining  the  investments,  collecting  the  income, 
and  dividing  it  among  its  stockholders,  and  in  the  former  case  the 
tax  is  payable,  while  in  the  latter  it  is  not. 

Cambria  Steel  Co.  v.  McCoach,  225  Federal,  278,  p.  282,  July,  1915. 

CORPORATION  NOT  SUBJECT  TO  TAX  AFTER  LEASE  OF  PROPERTY. 

Where  a  mining  corporation,  with  the  approval  of  its  stockholders, 
leased  to  another  corporation  for  a  term  of  999  years  all  its  prop- 
erty consisting  of  a  manufacturing  plant,  together  with  the  occu- 
pied and  unoccupied  grounds  connected  therewith,  its  mines  and 
quarries,  and  roads  and  ways  connecting  the  same,  and  an  amount 
in  acreage  of  coal  lands  and  other  lands  connected  with  its  mines  and 
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works,  not  to  exceed  in  the  aggregate  10,000  acres,  and  assigned  and 
transferred  to  the  lessee  all  its  cash,  bills  receivable,  accounts,  li- 
censes, leases,  contracts,  agreements,  judgments,  mortgages,  stocks 
and  bonds,  and  where  the  lessee  agreed  to  pay  as  rental  a  sum  equal 
to  4  per  cent  upon  the  outstanding  capital  stock  of  the  lessor,  to- 
gether with  a  further  sum  not  exceeding  $5,000  to  cover  the  cost  of 
the  maintenance  of  the  organization  of  the  lessor  corporation,  the 
rentals,  except  such  cash  sum,  to  be  paid  direct  to  the  stockholders 
of  the  leasing  corporation;  and  where  the  lessor  corporation  has 
maintained  its  corporate  existence  merely  that  it  may  exist  as  land- 
lord and  lessor,  and  to  this  end  its  stockholders  have  annually  elected 
a  board  of  directors  and  other  officers  and  maintained  books  for  the 
transfer  of  its  capital  stock,  but  has  received  no  income  other  than  as 
above  set  forth,  and  has  done  nothing  else  whatsoever  in  its  corporate 
capacity,  and  has  no  quick  assets,  cash,  or  bank  account,  such  lessor 
corporation  is  not  liable  for  a  special  excise  tax,  under  the  corporation 
tax  act  of  August  5,  1909  (36  Stat,  112),  assessed  against  it  as  a 
corporation  having  a  capital  stock  and  engaged  in  business;  and 
where  the  lessee  corporation  paid  the  tax  levied  under  protest  and  to 
prevent  the  leased  property  from  being  levied  upon  and  sold  at  tax 
sale,  it  may  maintain  an  action  to  recover  the  same. 

Cambria  Steel  Co.  v,  McCJoach,  225  Federal,  278,  p.  279,  July,  1915. 

UCENSB  TAX — ^PERSONS  SEVEKCNO  KATUKAL  FRODUGTS— OIL  LESSEBS. 

The  statute  of  Louisiana  (Act  No.  209  of  1912),  levying  an  annual 
license  tax  upon  each  person  or  corporation  pursuing  the  business  of 
severing  natural  products,  including  all  forms  of  timber,  turpentine, 
and  minerals,  including  oil  and  gas,  sulphur,  and  salt  from  the  soil, 
and  levying  a  penalty  for  failure  to  report  and  pay  the  license  tax, 
does  not  impose  such  license  tax  upon  the  owner  of  land  who  is  not 
engaged  in  the  business  of  severing  the  natural  products  from  the 
SOU,  but  who  has  leased  his  land  and  receives  a  royalty  from  the  lessee 
who  is  himself  engaged  in  the  business  of  severing  the  natural  product 
from  the  soil ;  and  where  a  landowner  has  given  a  gas  and  oil  lease 
on  his  land  and  is  not  in  any  way  connected  with  the  management  or 
operation  of  the  lease,  and  has  nothing  to  do  with  the  location  or 
marketing  of  the  oil  produced  from  the  land  and  does  not  himself 
operate  any  drilling  apparatus  or  machinery  and  who  does  no  more 
than  receive  a  royalty  on  the  oil  produced,  is  not  subject  to  such 
license  tax;  but  in  such  case  the  license  tax  must  be  imposed  upon 
the  lessee  and  operator. 

State  V,  Stiles  (Louisiana),  68  Southern^  947,  p.  948,  June,  1915. 
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STATTTTOBY  LIENS. 

FAIXiURE  OF   OWNER   TO   GIVE   STATUTORY    NOTICE — MlNER^S   KNOWUSDOE 

or  OPERATIONS. 

The  failure  of  the  owner  of  a  mine  or  mining  claim  to  give  the 
notice  required  by  the  statute  (California  statutes  of  1911,  p. 
1318),  showing  that  a  mine  owned  by  him  was  operated  by  an  in- 
dependent lessee  and  disclaiming  liability  for  work  on  the  property, 
can  not  affect  the  rights  of  a  miner  or  operator  to  give  him  a  lien  on 
the  mine,  where  such  miner  has  actual  knowledge  that  the  owner  is 
not  operating  the  mine,  as  the  purpose  of  the  notice  was  accom- 
plished by  the  actual  knowledge  of  the  miner. 

Street  v.  Hazzard  (California  Appeals),  149  Pacific,  770,  p.  772,  April,  1915. 

RELIANCE  ON   EMPLOYER — KNOWLEDGE  OF  OPERATION   BY  OPTION 

PURCHASER. 

A  miner  employed  to  work  in  a  mine  with  knowledge  that  his 
employer  held  an  option  contract  for  the  purchase  of  the  mine,  and 
who  looked  entirely  to  such  employer  for  his  wages,  giving  no  credit 
whatever  to  the  owner  of  the  mine,  is  no  more  entitled  to  file  and 
enforce  his  lien  against  the  mine  than  if  he  had  expressly  agreed  to 
waive  any  claim  or  lien  against  the  property  or  any  cause  of  actions 
against  the  mine  owner. 

Street  v.  Hazzard  (California  Appeals),  149  Pacific,  770,  p.  772,  April,  1915s 

miner's  right  to  lien. 

Under  the  California  Code  of  Civil  Procedure,  section  1188,  a  con- 
tractor, subcontractor,  superintendent,  or  other  person  in  charge  of 
any  mining  or  work  or  labor  in  and  about  a  mining  claim,  either 
as  lessee  or  under  a  working  bond  or  contract  thereon,  shall  be  held 
to  be  the  agent  of  the  owner  for  the  purpose  of  giving  workingmen 
and  miners  a  lien  on  the  mine;  but  this  presumption  raised  by  the 
statute  as  to  the  agency  of  the  contractor  or  superintendent  may  be 
rebutted ;  and  a  miner  or  employee  performing  work  in  such  a  mine 
or  upon  such  a  mining  claim,  with  laiowledge  that  the  persons  hav- 
ing charge  of  the  mine  or  mining  operations  does  not  own  the  prop- 
erty and  was  not  working  the  mine  as  the  owner's  agent  or  repre- 
sentative, is  not  entitled  to  a  lien  thereon  on  the  theory  of  the 
employer's  agency. 

Street  v.  Hazzard  (California  Appeals),  149  Pacific,  770,  p.  771,  April,  1915, 

PERIOD  OF  duration  OF  MINER's  LIEN. 

Section  5110  of  the  Idaho  Revised  Code  gives  to  every  person 
performing  labor  upon  or  furnishing  materials  to  be  used  in  the 
construction,  alteration,  or  repair  of  any  mining  claim,  flume,  or  tun- 
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nel  a  lien  upon  the  same  for  work  done  or  materials  furnished ;  and 
section  5115  provides  that  no  such  lien  shall  bind  any  structure  for 
a  longer  period  than  six  months  after  the  claim  has  been  filed,  unless 
proceedings  be  commenced  in  a  proper  court  within  that  time  to 
enforce  the  lien,  and  the  remedy  in  such  case  is  by  the  statute  made  a 
part  of  the  right  created  and  the  suit  must  be  within  the  time  limit 
or  the  lien  ceases  to  exist. 

Continental  &  Commercial  Trust,  etc..  Bank  v.  Pacific  Coast  Pipe  Co.,  222 
Federal,  781,  p.  784,  May,  1915. 

FORECLOSURE  OF  LIENS  ON  MINING  PROPERTY — ^RANK  AND  PRIORITY. 

The  statute  of  Nevada  regulating  liens  on  mines  and  making  it 
the  duty  of  the  court  on  the  foreclosure  of  such  liens  to  declare  the 
rank  of  each  lien  and  the  class  of  such  liens  means  that  in  each 
particular  suit  for  the  foreclosure  of  mechanics'  liens  on  mining 
property  the  court  in  the  judgment  must  declare  the  rank  or  the 
order  of  the  liens;  and  if  a  party  to  a  suit  fails  to  exhibit  his  lien, 
he  waives  his  rights  as  to  any  priority  and  to  have  the  rank  of  his 
claim  determined  and  stated  in  the  judgment. 

Daly  V,  Lahontan  Mines  Co.  (Nevada),  151  Pacific,  514,  p.  516,  September, 
1915. 

FORECLOSURE   OF   MECHANICS'  LIENS — ^PARTIES. 

The  statute  of  Idaho  in  relation  to  the  enforcement  of  mechanics' 
liens  does  not  in  terms  prescribe  who  shall  be  made  parties  to  an 
action  to  enforce  a  lien,  but  it  necessarily  means  that  such  an  action 
must  be  tried  against  all  persons  whose  rights,  assets,  or  interests 
are  claimed  to  be  adverse  and  subordinate,  as  this  is  necessary  in 
order  to  include  such  persons. 

Continental  &  Commercial  Trust,  etc..  Bank  v.  Pacific  Coast  Pipe  Co.,  222 
Federal,  781,  p.  788,  May,. 1915. 

DAMAGES  FOR  INJURIES  TO  MINERS. 

BLEMENTS  OF  DAMAGE. 
SPECIAL   DAMAGES   SHOULD  BE  PLEADED. 

In  an  action  by  an  injured  miner  for  damages,  special  damages  by 
way  of  compensation  for  lost  time,  or  expenses  incurred  in  effecting 
a  cure  should  be  specially  pleaded,  and  in  such  case  the  recovery 
for  such  items  is  limited  to  the  amount  stated  in  the  pleading,  and  it 
is  reversible  error  for  a  court  to  instruct  a  jury  that  they  may  allow 
compensation  for  the  lost  time  when  no  claim  for  lost  time  is  made  in 
the  petition. 

McHenry  Coal  Co.  v,  Taylor  (Kentucky),  176  Southwestern,  ©76,  p.  977,  June, 
1916. 
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L068  OF  TIME — ^PLEADING  SFECIAIi  DAKAQX8. 

In  an  action  by  a  miner  for  personal  injuries  caused  by  slate  that 
fell  from  the  roof  of  the  entry,  an  instruction  to  the  effect  that  the 
jury  if  they  find  for  the  plaintiff  should  give  him  such  sum  as  will 
reasonably  and  fairly  compensate  him  for  the  m^ital  pain  and 
anguish,  if  any,  suffered  by  him,  which  were  the  direct  and  proxi- 
mate results  of  his  injury,  and  for  the  value  of  the  time  lost  by  him, 
if  any,  is  erroneous,  where  there  was  no  claim  for  damages  on 
accoimt  of  the  loss  of  time  pleaded,  and  where  the  instruction  did  not 
limit  either  the  amount  to  be  allowed  or  the  time  for  which  it  should 
be  awarded. 

McHeDry  Coal  Ck>.  v,  Taylor  (Kentucky),  176  Southwestern,  976,  June,  1915L 

DOUBLE  DAMAGES— LOSS  OF  TIME  AND  TMPATHMENT  OF  EABKING  GAPAGITT. 

In  an  action  for  personal  injuries  to  a  miner  a  jury  can  not  award 
damages  for  time  lost  by  reason  of  the  injuries  received  and  at  the 
same  time  give  the  plaintiff  for  a  permanent  impairment  of  his 
ability  to  earn  money;  but  in  such  case  the  defendant  may  protect 
himself  from  the  probable  imposition  of  such  double  damages  when 
there  is  a  claim  made  in  the  pleadings,  and  request  the  court  to  in- 
struct the  jury  that  the  allowance  for  any  impairment  of  power  to  earn, 
money  should  begin  when  the  allowance  for  lost  time  ended,  and 
in  the  absence  of  such  request,  the  court  of  its  own  motion  should  so 
advise  the  jury  in  order  that  double  damages  may  not  be  awarded. 

McHenry  Coal  Co.  v,  Taylor  (Kentucky),  176  Southwestern,  076,  p.  977, 
June,  1915. 

SETTLEMENT  AND  GOICPROMISE. 

A  miner  who  accepts  from  the  mine  operator  a  sum  of  money  in 
settlement  of  his  claim  for  damages  by  reason  of  personal  injuries 
received  while  in  the  course  of  his  employment  is  not  entitled  to 
recover  damages  in  an  action  subsequently  instituted. 

Tennessee  Coal,  Iron  &  Railroad  Co.  v.  Moody  (Alabama),  68  Southern,  274, 
p.  276,  April,  1915. 

DAMAGES  NOT  EXCESSIVE— INSTANCES. 

A  judgment  in  the  sum  of  $850  for  personal  injuries  to  a  miner 
caused  by  the  negligence  of  a  trip  driver  will  not  be  reversed  be- 
cause of  an  erroneous  instructi6n  on  the  subject  of  pimitive  damages^ 
where  the  evidence  is  convincing  that  the  damages  allowed  were  no 
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more  than  sufficient  to  compensate  the  injured  miner  for  the  actual 
injuries  sustained. 

St.  Bernard  MIn.  Co.  v.  Ashby  (Kentucky),  175  Southwestern,  626,  p.  627, 
AprU,  1915. 

A  judgment  for  $800  for  a  miner  seriously  injured  by  an  ex- 
plosion of  gas  is  not  to  be  regarded  as  excessive  though  the  miner 
was  guilty  of  contributory  negligence. 

Oplotnik  1?.  Cherokee  &  Pittsburg  Coal  &  Mining  Co.,  148  Pacific,  616,  May, 
1015. 

A  judgment  for-$3,000  in  favor  of  a  miner  injured  by  an  explosion 
of  gas  is  not  excessive  where  the  evidence  showed  that  the  plaintiff^s 
sight  and  hearing  were  permanently  affected. 

Hartman  v.  Dickinson  (Kansas),  148  Pacific,  743,  May,  1915. 

Where  a  boy  fifteen  and  one-half  years  old  was  severely  injured  by 
being  burned,  his  pain  intense,  and  he  was  permanently  disfigured 
and  probably  will  never  entirely  recover,  a  court  can  not  say  that  a 
verdict  for  $12,000  is  excessive. 

Marphy  r.  Ludowicl  Gas  &  Oil  Co.  (Kansas),  150  Pacific,  581,  584,  July,  1915. 

WATEE  EIGHTS. 

RIOHT  OF  TUNNEL  OWNER  TO  APPROPRIATE  WATER* 

The  owner  of  a  tunnel  constructed  for  mining  purposes  and  carry- 
ing water  for  such  purposes  can  not  maintain  an  action  to  quiet  title 
to  water  flowing  from  a  tunnel  constructed  by  him  where  the  evidence 
shows  that  a  considerable  portion  of  the  water  encountered  and  col- 
lected in  the  driving  of  the  tunnel  found  its  way  from  the  openings, 
fissures,  crevices,  and  seams  in  the  rock  into  a  creek  before  it  was 
distributed  or  interfered  with  in  its  underground  course  or  flow  by 
the  driving  of  the  tunnel ;  and  the  question  of  whether  its  supply  or 
precipitation  within  the  surface  area  of  a  particular  watershed  is  of 
no  consequence;  and  if  the  tunnel  owner  drove  his  tunnel  into  a 
mountain  or  watershed  drained  by  a  stream,  the  waters  of  which  have 
been  appropriated  and  put  to  a  beneficial  use  by  others,  and  immedi- 
ately under  or  in  close  proximity  to  such  stream  collects  water  which 
he  claims  to  be  "  developed  water,"  he  must  make  satisfactory  proof 
that  such  water  is  in  fact  "developed  water,"  and  it  is  immaterial 
whether  the  water  when  encountered  is  flowing  in  well  defined  sub- 
terranean channels  or  is  percolating  through  the  soil,  gravel,  and  the 
fissures  and  crevices  of  the  rock,  as  in  either  event  the  presumption 
is,  until  overcome,  that  the  water  is  contributory  to  the  main  stream, 
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and  that  the  right  to  its  use  is  vested  in  the  prior  appropriator  of 
the  stream. 

Mountain  I^ake  Mining  Go.  v.  Midway  Irrigation  Go.  (Utah),  149  Pacific,  029, 
933,  June,  1915. 

TESTED  laGHTS  PROTECTED. 

A  corporation  organized  for  the  purpose  of  ditching  and  convey- 
ing water  for  mining  and  other  purposes  over  Government  lands  be- 
fore their  sale  to  private  persons  will  be  protected  in  its  vested  pos- 
sessory title  under  the  act  of  Congress  of  1866  (14  Stat.,  253),  and 
such  possessory  title  requires  no  further  or  other  record  title  in  sup- 
I)ort  of  the  vested  right  of  the  corporation. 

Happy  Valley  Land  &  Water  Co.  r.  Nelson  (California),  147  Pacific.  968» 
AprU,  1915. 

INTERSTATE  COMMERCE. 

TAILURB  OP  CARRIER  TO  SUPPLY  COAL.  CARS — JURISDICTION  OP  COURT. 

A  railroad  company  doing  business  as  an  interstate  carrier  is  liable 
for  damages  caused  by  its  failure  to  furnish  a  coal  miner  and 
operator  with  cars  in  which  to  load  coal  for  shipment  to  points 
within  and  without  the  State,  where  it  is  charged  that  the  railroad 
company  unjustly  discriminated  against  the  coal  operator  in  failing 
to  distribute  cars  in  accordance  with  its  own  rule  applicable  in  times 
of  shortage.  The  act  to  regulate  commerce  (24  U.  S.  Stats,  at  L., 
379;  34  TJ.  S.  Stats,  at  L.,  584)  does  not  give  shippers  any  new  right 
but  preserves  existing  causes  of  action  and  does  not  supersede  the 
jurisdiction  of  State  courts  in  any  case  where  the  decision  does  not 
involve  the  determination  of  matters  calling  for  the  exercise  of  the 
administrative  power  and  discretion  of  the  Interstate  Commerce 
Commission  or  relate  to  a  subject  as  to  which  the  jurisdiction  of  the 
Federal  courts  has  otherwise  been  made  exclusive;  and  in  actions 
(.gainst  railroad  companies  for  unjust  discrimination  in  interstate 
commere  where  the  rule  of  distribution  itself  is  attacked  as  unfair 
or  discriminatory,  a  question  is  raised  which  calls  for  the  exercise 
of  the  authority  of  the  Interstate  Commerce  Commission ;  but  if  the 
action  is  based  upon  a  violation  or  discriminatory  enforcement  of 
the  carrier's  own  rule  for  car  distribution,  no  administrative  question 
is  involved,  and  such  an  action,  although  brought  against  an  inter- 
state carrier  for  damages  arising  in  interstate  commerce,  may  be 
prosecuted  either  in  a  State  or  the  Federal  courts,  and  the  action 
may  be  based  either  on  the  common  law  rule  or  on  a  State  statute. 

lUlnois  Central  Railroad  Co.  v.  Mulberry  Hill  Coal  Co.,  238  U.  S.,  275,  p. 
282,  June,  1915. 

See  Pennsylvania  RaUroad  Co.  v,  Puritan  Coal  Mining  Co.,  237  U.  S.,  121, 
p.  127,  April,  1915. 
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DUTY  OF   CARRIER  TO  FURNISH  COAL  CARS — ^LIABILITT  UNDER  CARRIER'S 

RUUB  FOR  DISTRIBUTION. 

Ordinarily  a  coal  operator  and  shipper  on  reasonable  demand  is 
entitled  to  all  the  cars  which  he  can  promptly  load  with  coal  to  be 
transported  over  the  carrier's  line ;  but  this  is  not  an  absolute  right, 
and  a  carrier  is  not  liable  if  its  failure  to  furnish  cars  was  the  re- 
sult of  sudden  and  great  demand,  which  it  had  no  reason  to  appre- 
hend would  be  made  and  which  it  could  not  reasonably  have  been 
expected  to  meet  in  full,  as  imder  the  common  law  a  carrier  was  not 
required  to  receive  all  goods  and  passengers  "  if  his  coach  be  full," 
and  the  same  rule  applies  to  transportation  in  freight  cars  drawn 
by  steam  locomotives,  and  the  law  exacts  only  what  is  reasonable 
from  such  carriers,  but  requires  that  carriers  should  be  equally  rea- 
sonable in  the  treatment  of  their  patrons;  and  in  case  of  car  shortage 
occasioned  by  unexpected  demands,  carriers  are  bound  to  treat  ship- 
pers fairly  if  not  identically ;  but  in  determining  how  an  inadequate 
supply  shall  be  distributed,  and  especially  in  the  distribution  of  cars 
to  coal  companies,  it  may  be  necessary  to  determine  whether  account 
should  be  taken  of  system  cars,  foreign  cars,  private  cars,  and  the 
company's  own  coal  cars;  but  these  considerations  are  not  involved 
where  a  shipper  complains  that  he  was  damaged  by  reason  of  the 
carrier's  failure  to  furnish  cars  for  the  shipment  of  coal  and  did  not 
receive  the  number  to  which  it  was  entitled  under  the  carrier's  own 
rule,  and  that  damages  were  sustained  because  of  the  failure  of  the 
carrier  to  supply  cars  under  its  own  rule  of  distribution  in  case  of 
shortage. 

Pennsylvania  Railroad  Co.  v.  Puritan  Coal  Co.,  237  U.  S.,  121,  p.  138, 
April,  1915. 

SHIPPING  RATE  ON  CARGO  COAL. 

Under  the  Interstate  Commerce  Commission  tariffs  a  certain  fixed 
rate  was  placed  on  cargo  coal  from  West  Virginia  to  Toledo  when 
for  laKe  shipment  beyond  and  a  different  tariff  rate  was  fixed  on 
cargo  coal  for  Toledo  only.  Under  these  rates  a  cargo  of  coal  in- 
tended for  shipment  beyond  Toledo  but  which  was  in  fact  sold  and 
delivered  to  lake  vessels  at  Toledo  as  bunker  coal,  is  not  entitled  to 
the  tariff  rate  for  cargo  coal  for  shipment  beyond  Toledo,  but  is  sub- 
ject to  the  proportional  rate  for  cargo  coal  to  Toledo  only.  The 
reasonableness  of  these  rates  is  a  question  for  the  commission  and  not 
for  the  court,  and  while  the  rate  stands  in  the  published  tariffs  of 
the  carrier  it  is  the  only  legal  rate  and  is  binding  on  shippers  and 
carriers  alike. 

Hocking  Valley  Railroad  Co.  v.  Lackawanna  Coal  &  Lumber  Co.,  224  Federal, 
980,  p.  ©31,  May,  1915. 
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PBOPORTIONAL  RATB0. 

A  proportional  rate  is  a  part  of  a  through  rate  and  is  the  share  of 
the  aggregate  charge  from  origin  to  destination  for  the  shipment  of 
coal  which  one  or  more  of  the  carriers  accepts  for  performing  a 
definite  portion  of  the  whole  transportation  service,  and  the  Inter- 
state Commerce  Commission  recognizes  the  propriety  and  lawfulness 
of  proportional  rates  to  a  point  of  transfer  which  are  less  than  local 
rates  to  such  points. 

Hocking  VaUey  Railway  Co.  i'.  Lackawanna  Coal  &  Lumber  Co.,  224  Federal, 
0SO,  p.  031,  May,  1915. 

MONOPOLY — ^RAILROAD    COMPANY    ENJOINED    FROM    OPERATING    OOAL 

COMPANY. 

The  United  States,  imder  the  commodity  clause  of  the  Hepburn 
Act  (34  U.  S.  Stats,  at  L.,  585),  may  enjoin  a  railroad  company  and 
a  coal  company  from  operating  a  coal  mine  and  shipping  the  coal 
where  it  appears  that  the  railroad  company  occupies  the  dual  and 
inconsistent  position  of  public  carrier  and  private  shipper  and 
where  the  evidence  is  sufficient  to  show  that  the  railroad  company 
originally  owned  and  operated  the  coal  mines,  for  a  pretended  com- 
pliance with  the  Hepburn  Act  caused  to  be  organized,  through  its 
own  stockholders  and  officers,  the  coal  company,  and  entered  into  a 
contract — ^restrictive  contract — ^with  its  creature,  neither  reciprocal 
nor  mutual,  and  which,  in  effect,  prohibited  the  coal  company  from 
competing  with  the  railroad  company  for  the  purchase  of  coal  mined 
on  the  railroad  lines,  and  considering  the  financial  strength  of  the 
railroad  company,  its  control  of  the  means  of  transportation,  its 
power  to  fix  the  time  when  transportation  of  coal  purchased  from 
the  contracting  company  was  to  begin,  its  power  in  furnishing  cars  to 
favor  those  from  whom  it  bought  or  to  whom  it  sold,  and  the  contract 
restraining  the  coal  company  from  buying  from  anyone  else,  the 
contract  permitting  the  railroad  company  to  control  or  influence  the 
price  of  coal,  is  sufficient  to  show  a  contract  in  restrain  of  trade  and 
not  a  sufficient  compliance  with  the  commodity  clause  of  the  Hep- 
burn Act  as  to  show  an  absolute  disassociation  of  the  carrier  from 
the  coal  company  before  the  transportation  should  begin  and  does  not 
leave  the  buyer  absolutely  free  to  dispose  of  and  have  absolute  con- 
trol of  the  coal. 

United  States  i\  Delaware,  Lackawanna  &  Western  Co.,  283  U.  S.,  516,  p. 
525,  June,  1915. 
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PREFACE. 

In  the  cotLTse  of  its  investigations  conducted  for  the  increase  of 
efficiency  in  the  mineral  industries  the  Bureau  of  Mines  has  given 
especial  attention  to  the  prevention  of  wastes  in  the  production  and 
utilization  of  petroleum.  It  has  long  been  realized  by  the  most 
intelligent  and  far-sighted  producers  that  the  insidious  unseen 
wastes  are  far  more  serious  than  the  visible  wastes  and  that  pre- 
ventive measures  must  be  taken  if  our  petroleum  resources  are  not 
to  be  prematurely  depleted. 

The  losses,  or  wastes,  incident  to  the  petrolemn  industry  may 
be  broadly  divided  into  two  classes,  as  follows:  (1)  Losses  incident 
to  production  and  (2)  losses  through  inefficient  utilization. 

Among  the  noteworthy  wastes  falling  within  the  first  class  may 
be  mentioned  the  unrecoverable  oil,  estimated  to  be  more  than  50 
per  cent  of  the  oil  in  the  sand.  In  addition  there  are  the  invisible 
wastes  due  to  the  inefiicient  protection  of  oil  and  gas  bearing  strata 
against  infiltrating  waters. 

Losses  in  utilization  include  not  only  the  actual  waste  in  the 
use  of  petroleum  and  its  products,  but  the  making  of  excessive 
amounts  of  less  desirable  products  in  manufacturing  the  products 
that  are  in  most  demand.  For  instance,  gasoline  is  obtained  chiefly 
from  petroleums  containing  a  large  proportion  of  paraffin  hydro- 
carbons, but  many  of  these  petroleums  yield  only  small  percentages 
of  gasoline  under  the  old  distillation  methods,  so  that  their  utiliza- 
tion in  this  way  has  been  uneconomical  and  wasteful.  By  ^^  crack- 
ing" processes  the  yield  of  gasoline  has  been  largely  increased,  but 
the  yield  should  be  still  larger.  It  is  estimated  that  the  output  of 
gasoline  by  the  Burton  process,  the  cracking  process  used  by  the 
Standard  Oil  companies,  amounted  in  1915  to  3,000,000  barrels, 
but  this  was  equivalent  to  18,000,000  barrels  of  Mid-Continent 
crude  oil.  In  other  words,  only  about  one-sixth  of  the  bulk  of  an 
average  paraffin-base  petroleum  from  the  Mid-Continent  field  was 
converted  into  gasoline  by  the  most  efficient  cracking  process  in 
commercial  use  in  1915. 

Some  striking  facts  regarding  present  conditions  in  the  petroleiun 
industry  with  especial  reference  %o  the  increased  consumption  and 
existing  high  price  of  gasoline  are  given  in  a  report  made  by  the 
Secretary  of  the  Interior  to  the  United  States  Senate  imder  date  of 
February  2,  1916,  and  published  as  Senate  Document  No.  310. 
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XVI  PBEFACE. 

The  estimated  production  of  gasoline  in  the  United  States  in 
1915  was  41,600;000  barrels  and  the  amount  exported  in  that  year 
was  6,500,000  barrels,  leaving  a  difference  of  35,100,000  barrels  for 
consumption  in  this  country.  These  figures  compare  with  a  pro- 
duction of  12,900,000  barrels,  exports  of  1,640,000  barrels,  and  an 
available  difference  of  11,260,000  barrels  in  1909;  and  a  production 
of  6,920,000  barrels,  exports  of  1,640,000  baireb,  and  an  available 
difference  of  6,326,000  barrels  in  1904. 

In  regard  to  the  consumption  of  gasoline,  the  Secretary  of  the 
Interior  says: 

'^The  new  uses  of  gasoline  and  kerosene  (coal  oil)  are  of  com- 
parative minor  importance.  The  consumption  of  gasoline  has  been 
due  to  the  tremendous  growth  of  old  uses. 

''The  principal  uses  of  gasoline  to-day  are  as  follows: 

''(a)  Automobiles,  motor  boats,  motor  cycles,  and  air  craft. 

''(6)  Stationary  internal-combustion  engines. 

''  (c)  Traction  and  other  portable  units. 

''((2)  General  industrial  and  household  uses. 

''None  of  these  have  yet  reached  a  stage  where  the  future  can  be 
accurately  forecasted. " 

The  Secretary  states  that  the  recent  extraordinary  rise  in  the  price 
of  gasoline  is  due  to  the  following  causes:  The  increased  consxmiption 
of  gasoline  within  the  United  States,  which  is  estimated  to  have  been 
25  per  cent  greater  in  1915  than  in  1914;  the  increase  in  exports;  the 
depletion  of  gasoline  stocks  due  to  increased  domestic  and  export 
demands;  the  decreased  production  of  crude  oil  containing  a  large 
percentage  of  gasoline;  the  increase  in  the  price  of  crude  oil;  and 
financial  influences. 

A  fact  frequently  forgotten  is  that,  in  spite  of  the  enormous  pro- 
duction of  petroleum  in  this  country,  approximately  65  per  cent  of 
the  world's  output,  our  petroleum  deposits  are  of  limited  extent  as 
compared  with  our  deposits  of  coal.  The  restricted  area  of  pros- 
pective oil  lands  limits  the  possible  number  of  new  fields  and  makes 
imperative  both  the  best  use  of  our  present  known  supply  and  the 
curtailing  of  unnecessary  extravagance  and  of  waste  in  the  use  of 
petroleum  products.  The  use  of  oil  as  a  fuel,  when  less  economically 
valuable  but  equally  available  fuels,  such  as  coal,  are  at  hand  can 
not  be  too  strongly  condemned.  We  are  constantly  acquiring  knowl- 
edge of  the  nature  of  the  constituents  of  petroleum  and  of  the  possi- 
bility of  converting  these  constituents  into  much  wanted  and  valuable 
products  adapted  to  higher  forms  of  industrial  use. 

In  conjunction  with  its  efforts  toward  minimizing  of  wastes  such 
as  are  described  above,  the  Bureau  of  Mines  has  established  at  Pitta- 
burgh,  Pa.,  a  laboratory  that  is  investigating  problems  relating  to  tiie 
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economical  and  efficient  utilization  of  petroleum  and  the  conversion 
of  heavier  and  less  desirable  oils  into  lighter  and  more  valuable  prod- 
ucts. This  is  the  highest  type  of  conservation,  and  conspicuous  suc- 
cess has  already  been  attained  in  the  early  investigations,  the  results 
of  which  are  being  given  to  the  public  in  this  bulletin.  For  the  f utiu*e 
there  is  even  greater  promise  of  valuable  additions  to  our  knowledge 
in  this  field,  to  be  obtained  through  work  in  the  laboratory  and,  on  a 
larger  scale,  through  the  cooperation  and  support  of  producers  and 
consimiers  of  petroleum  products. 

This  bulletin  deals  with  the  cracking  of  petroleum  and  other 
hydrocarbons  and  the  production  thereby  of  gasoline,  benzene,  and 
toluene.  The  authors  give  a  comprehensive  review  of  the  Uterature 
and  present  in  much  detail  the  results  of  the  experiments  made  by 
Dr.  W.  F.  Rittman,  now  chemical  engineer  of  the  Bureau  of  Mines, 
in  the  development  of  improved  processes  for  manufacturing  gasoline 
and  benzene-toluene,  and  present  some  of  the  results  achieved  in 
working  out  the  benzene-toluene  process  on  a  commercial  scale. 

Applications  for  patents  on  both  processes  have  been  filed  with  the 
intent  of  having  the  processes  dedicated  to  the  public  and  the  patents 
assigned  to  the  Secretary  of  the  Interior  as  trustee  for  the  people  of 
the  United  States.  On  February  1,  1916,  seven  refineries,  in  six 
States,  were  installing  plants  for  the  gasoline  process.  Benzene  and 
toluene  were  being  produced  in  large  quantities  by  the  other  process. 

Van.  H.  Manning. 
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MANUFACTURE  OF  GASOUNE  AND  BENZENE-TOLUENE 
FROM  PETROLEUM  AND  OTHER  HYDROCARBONS. 


By  W.  F.  RiTTMAN,  C.  B.  Dutton,  and  E.  W.  Dean. 


PART  I.— THE  CRACKING  OF  OILS;  PRINCIPLES  INVOLVED 
AND  METHODS  OF  TREATING  RECOVERED  PRODUCTS. 

NOMENCXiATUKB  USED  Ef  THIS  REPORT. 

In  this  report  the  ending  ene  has  been  used  throughout,  except  in 
the  bibhographv  and  in  quotations  from  the  writings  of  previous 
investigators,  for  all  aromatic  hydrocarbons,  as,  for  instance,  benzene, 
toluene,  xylene.  The  ending  ol,  though  largely  used  in  technical 
description,  is  not  correctly  apphcable  to  these  hydrocarbons,  and 
should  be  used  to  designate  the  impure  mixtures  of  commerce,  as 
distinguished  from  pure  chemical  compoimds. 

PRESENT  STATUS  OF  PETROLEUM-REFINING  INDUSTRY. 

Although  petroleimi  is  widely  distributed,  being  found  in  many 
parts  of  the  world,  and  although  information  as  to  its  occurrence  and 
general  characteristics  seems  to  have  existed  from  very  early  times, 
our  knowledge  of  the  chemical  nature  of  this  substance  has  been 
acquired  largely  within  the  past  40  years.  Within  this  period  a 
voluminous  hterature  has  accumulated,  which  records  work  as  pains- 
taking as  has  ever  been  undertaken  in  the  whole  field  of  chemistry, 
such  as  that  of  C.  M.  Warren,  F.  H.  Storer,  S.  P.  Sadtler,  S.  F. 
Peckham,  and  C.  F.  Mabery.  Despite  this  fact,  the  commercial 
method  of  treating  crude  petroleum  for  the  purpose  of  procuring 
marketable  products  is,  in  the  main,  essentially  empirical.  Much 
knowledge  has  been  acquired  as  to  methods  of  separating  from  crude 
petroleum  such  products  as  are  desirable  commercially,  but  Httle  has 
been  done  to  attain  the  maximimi  recovery  of  such  products. 

INGBSASB  IN  FBODUCTION  AND  CONStTHPTIGN  OF  PBTBOLBXTM 

PRODUCTS. 

It  is  well  known  that  the  important  chemical  constituents  of  petro- 
leum are  carbon  and  hydrogen,  with  a  small  percentage  of  oxygen, 
and  widely   different  proportions   of  nitrogen   and  sulphur.     The 
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num J  combinations  and  forms  in  wlikli  these  donaitB  exist  in  the 
Tsnons  erode  petroleams  leeoietcd  from  the  earth  present  a  wide 
range  of  jHoblems  for  the  chemist  and  the  practical  refiner.  This 
statement  has  become  partiadarfy  true  in  the  past  few  years  because, 
in  spite  of  the  enormous  increase  in  the  prodncticMi  of  erode  peCio- 
leom,  not  alone  in  the  United  States,  bot  in  the  entire  wodd,  coosump- 
tion  has  kept  pace  with  sapfly  and  is  continoallj  threatening  to 
ootstrip  it.  Notwithstanding  the  jomp  in  prodoction  in  the  United 
States  from  2,000  to  nearly  300,000,000  barrels  of  erode  petroleum  a 
year  in  the  short  space  of  55  years  (1859  to  1914),  the  diversified  uses  to 
which  the  many  readily  recoTerable  products  have  been  put  has  called 
for  ever-increasing  supplies.  The  stocks  of  erode  oil  in  storage  above 
ground,  notwithstanding  the  tremendous  floods  of  oil  that  sudb  fields 
as  the  Gushing  pool,  with  a  past  maYinium  production  of  over  300,000 
barrels  a  day,  and  the  famous  Maricopa  fidd  have  produced,  have 
remained  practically  constant  for  several  years  past  at  approximately 
120,000,000  barrels.  Large  as  this  supply  may  seem,  it  rq>res6ntB 
less  than  six  months'  consumption  by  refineries.* 

Evidently  the  race  betweoi  production  and  consumption  is  of  such 
a  character  that  consumption  will  inevitably  overtake  production, 
because  of  the  depletion  of  our  known  reservoirs  of  oil  and  the 
limited  extent  of  prospective  oil  lands  in  this  country. 

DBAZV8  OV  PBTSOUBinC  OF  THE  UNITBD  STAICBS. 

The  demand  for  petroleum  products,  having  been  created,  must 
continue  to  be  supplied,  and  the  United  States,  with  its  production 
of  approximately  65  per  cent  of  the  world's  supply,  is  to  be  drawn 
on  in  increasing  measure  by  other  countries  that  have  learned  the 
value  and  usefulness  of  these  products  and  have  come  to  be  depend- 
ent on  them.  The  world's  demands  must  be  supplied  by  relatively 
few  fields,  as,  notwithstanding  the  fact  that  oil  is  found  in  almost 
every  quarter  of  the  globe,  three  countries — ^the  United  States, 
Russia,  and  Mexico — ^produce  nearly  90  per  cent  of  the  world's 
output. 

The  period  of  55  years  that  has  witnessed  the  great  increase  in 
output  of  crude  oils  in  the  United  States  has  seen  also  an  equallj^ 
great  change  in  the  relative  desirability  of  various  petroleiun  prod- 
ucts. Beginning  with  the  discovery  of  Prof.  Benjamin  Silliman,  jr., 
of  Yale  University,  that  a  satisfactory  burning  or  illuminating  oil 
could  be  obtained  from  crude  petroleum,  early  efforts  were  devoted 
to  the  production  of  increasing  quantities  of  this  product.  Enormous 
outputs  were  sold  in  the  United  States,  and  the  markets  were  extended 
to  foreign  countries.     During  the  year  1913,  over  1,000,000,000  gal- 

•  Day,  D.  T.,  The  prodaotlon  of  potroleum  In  1913:  MiDerol  Rosoutoot  XT.  S.  /or  1913,  U.  S.  Owl.  Bmvtj, 
1914,  p.  94e. 
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Ions  of  burning  oils  was  exported,  representing  a  value,  in  round 
figures,  of  $72,000,000.  In  the  same  year  nearly  $150,000,000  worth 
of  other  petroleum  products  was  shipped  to  foreign  lands.^ 

PRESENT  DEMAND  FOB  GASOLINE  COMPABED  WITH  THAT  FOB 

BTIBNING  OILS. 

The  demand  for  motor  fuel  is  outstripping  that  for  illuminating 
oils  in  this  country,  and  the  increasing  number  of  motor  vehicles  in 
operation,  both  at  home  and  abroad,  has  brought  about  a  need  which, 
if  it  continues  to  increase  at  the  present  rate,  will  soon  far  exceed 
present  production  by  ordinary  means.  So  serious  does  this  situation 
appear  that  recently  the  International  Association  of  Recognized 
Automobile  Clubs  offered  a  prize  of  $100,000  for  a  gasoline  substitute 
to  cost  less  than  gasoline.  The  acuteness  of  the  need  responsible 
for  an  offer  of  this  nature  becomes  all  the  more  evident  when  it  is 
realized  that  a  large  proportion  of  the  world's  output  of  crude  petro- 
leiun  is  of  such  a  charactiu:  as  to  produce  by  ordinary  refining  com- 
paratively Uttle  gasoline  and  naphtha.  Mexican  oils  are  of  this  class. 
The  result  is  that  the  demand  for  gasoline  and  naphtha  must  be  sup- 
pUed  by  the  types  of  crude  petroleimis  generally  known  as  '  'refinable 
crudes."  Even  refinable  crude  petroleums  are  capable  of  yielding, 
by  the  usual  refinery  methods  of  distillation,  only  fractions  of  their 
total  volumes  as  gasolines  and  naphthas.  For  example,  a  high-grade, 
refinable  crude  yields  only  between  15  and  25  per  cent  of  refined 
naphthas  and  gasoline. 

BXJBDEN  OF  STTPPLYINa  WOBLD-WIDE  DEMAND  FOB  GASOLINE 

FALLS  ON  UNITED   STATES. 

Although  the  United  States  now  produces  approximately  65  per 
cent  of  the  world's  supply  of  crude  oils,  it  produces  a  much  higher 
percentage  of  the  total  world  output  of  refinable  crudes.  The  result 
is  that,  unless  efficient  cracking  processes  are  developed,  the  greater 
part  of  the  burden  of  supplying  the  quantities  of  motor  fuel  demanded 
throughout  the  world  must  fall  on  the  United  States,  as  its  chief  com- 
petitors in  the  producing  field,  Russia  and  Mexico,  furmsh  only  rela- 
tively small  quantities  of  such  fuel. 

The  extent  to  which  this  demand  is  being  met  can  be  reaUzed  from 
a  consideration  of  the  exports  of  naphthas  and  gasolines  during  the 
past  few  years.  In  the  period  from  1910  to  1915  these  exports  more 
than  trebled.  During  the  fiscal  year  1910,  77,650,923  gallons  was 
exported;  m  1911,  111,998,260  gallons;  in  1912,  171,040,150  gallons; 
in  1914,  192,452,267  gallons,^  and  dining  the  fiscal  year  ended 
June  30,  1915,  244,546,872  gallons.^ 

«  Day,  D.  T.,  Op.  d*.,  po.  1084-1085. 

fr  Fonign  commeroa  and  navigation  of  United  States,  1914:  V.  8.  Bureau  of  Foreign  and  Domestic  Com- 
meree»  1915,  pp.  605-607. 

c  Monthly  summaries  of  foreign  commerce  of  United  States,  January  and  June,  1915:  U.  S.  Bureau  of 
Foreign  and  Domestic  Commerce,  1015. 
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The  tremeiidous  drain  caused  by  the  demand  for  motor  fuels  can  be 
realized  also  by  consideration  of  the  increase  in  the  number  of  motor 
vehicles  used  in  this  country.  Five  years  ago  that  number  was 
estimated  at  approximately  500,000,  whereas  now  more  than  2,000,000 
motor  vehicles  are  said  to  be  in  actual  operation.  If  the  present  rate 
of  increase  continues,  it  will  be  only  two  or  three  years  before  this 
number  will  be  doubled. 

The  figures  cited  do  not  include  the  large  number  of  internal- 
combustion  engines  in  industrial  operation  that  use  gasoline  or 
naphtha  as  fuel.  If  it  be  assumed  that  the  average  power  of  these 
motor-propeUed  vehicles  is  25  horsepower,  their  aggregate  capacity 
is  50,000,000  horsepower.  The  significance  of  this  figure  can  be  con- 
ceived from  the  fact  that  the  total  primary  power  developed  in  the 
manufacturing  industries  amounts  to  less  than  20,000,000  horsepower, 
according  to  the  United  States  Bureau  of  the  Census.^  On  the 
Continent,  benzene  obtained  from  the  destructive  distillation  of  coal 
is  largely  used  as  a  motor  fuel,  but  the  percentage  recovered  per 
ton  of  coal  is  at  present  so  small  that  it  does  not  alter  appreciably 
the  world's  dependence  on  petroleum  as  the  chief  source  of  supply. 

TEMPOBABY  NATT7BE  OF  BBUEF  AFFORDED  BY  NEW 

OIL  FIELDS. 

From  time  to  time  the  bringing  in  of  a  prolific  oil  field  relieves  the 
strain  by  the  great  outflow  of  refinable  oil  that  follows,  but  the 
reUef  is  only  temporary,  as  the  life  of  a  gusher  field  is  generaUy  short. 
In  1914  the  Gushing  pool  in  Oklahoma  was  considered  a  menace  to 
the  oil  producers,  owing  to  its  tremendous  production  and  the  con- 
sequent decrease  in  price  of  crude  oil  at  the  well  that  it  brought 
about,  but  by  November,  1915,  the  prices  of  crude  oils  had  attained 
nearly  their  former  high  levels,  and  producers  and  refiners  were 
looking  for  new  sources  of  supply.  The  rising  market  price  for  gaso- 
lines is  the  concrete  evidence  of  present  conditions.  Thus,  the  dis- 
covery of  new  fields,  which  is  daily  becoming  more  difficult,  can 
hardly  furnish  a  solution  of  the  problem  of  how  to  meet  the  ever- 
increasing  demand  for  one  of  the  products  of  crude  petroleum. 

Still  another  factor  demands  consideration.  Even  if  crude  oil 
could  be  obtained  in  sufficient  quantity  to  meet  the  needs  of  the 
gasoline  market  an  excess  supply  of  less  desirable  products,  would 
be  boimd  to  result. 

EFFOBTS  TO  INCBBASE  YIELDS  OF  HOTOB  FUELS. 

The  fact  that  such  a  large  proportion  of  the  world's  supply  of 
crude  petroleum  seemed  to  be  unsuited  to  the  production  of  motor 
fuels  has  led  a  number  of  iavestigators  to  undertake  to  work  out 

c  Thirteenth  Census  of  the  United  States,  vol.  8,  Ifanutectures,  1009:  V.  S.  Bureau  of  the  Census,  1013, 
p.  330. 
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commercially  practicable  processes  whereby  yields  of  these  products 
from  a  given  quantity  of  rejSnable  oil  can  be  largely  increased,  or  a 
nonrefinable  oil  be  made  to  yield  the  desired  products.  It  is  obvious 
that  if  such  processes  can  be  successfully  developed,  a  better  effect 
will  result  than  if  the  production  of  crude  oil  is  proportionately 
increased.  .The  supply  of  crude  oil  will  be  conserved,  and  the  market 
will  not  be  burdened  with  products  of  limited  commercial  use  or 
unprofitable  to  produce.  These  processes,  of  which  a  number  have 
been  brought  forward  during  recent  years,  involve  the  ''cracking" 
or  decomposition  of  heavy  oils — either  low-grade  natural  crudes  or 
the  heavier  fractions  of  refinable  crudes — that  have  at  present  a  low 
commercial  value. 

ORIGIN  AND  DEVELOPMENT  OF  CBACKING  PROCESS. 

The  cracking  process,  so-called,  may  be  said  to  date  from  its  acci- 
dental discovery  at  Newark,  N.  J.,  in  the  year  1861.  Essentially  it 
consists  in  heating  oils  to  such  a  temperature  that  their  heavy  mole- 
cules decompose  into  lighter  molecules  with  the  production  of  mix- 
tures of  lower  boiling  point. 

FUtST  APPLICATION  OF  CBACXINa  PROCESS. 

As  originally  employed,  the  process  was  directed  toward  the  con- 
version of  that  fraction  of  crude  petroleum  intermediate  between 
the  burning  (kerosene)  oils  and  the  lubricating  oils  into  Uquid  hydro- 
carbon products  of  lower  density  and  boiling  point,  which  would  be 
suitable  for  use  as  illuminants.  An  open  still  was  used,  so  that 
partial  condensation  of  the  vapors  could  occur  in  the  upper  part  of 
the  still,  permitting  more  heat  to  be  supplied  to  the  boiling  hquid, 
with  consequent  increase  in  its  temperature  and  the  desired  decom- 
position into  products  of  lower  boiling  point. 

CHEMICAL  NATURE  OF  CRACKING  PROCESS. 

The  cracking  process  is  simply  one  instance  of  the  weU-known  ten- 
dency of  organic  substances  to  decompose  on  the  appUcation  of  heat. 
The  heavier  the  hydrocarbon  molecule,  the  more  easily  it  is  dissociated. 
In  actual  fact,  cracking  to  a  greater  or  less  degree  is  the  rule  rather 
than  the  exception  in  the  majority  of  distillation  processes  involving 
more  than  moderately  low  temperatures.  In  1868  it  was  pointed  out 
that,  during  the  distillation  of  hydrocarbons  on  a  commercial  scale, 
cracking  always  takes  place  to  some  degree." 

A  natural  hydrocarbon  oil,  or  crude  petroleum,  is  a  mixture  of 
substances  of  varying  boiling  points.  Each  of  the  hydrocarbons  of 
high  boiling  point  contained  in  such  mixtures  is,  during  the  process  of 

aHJxBchi  Joseph,  On  the  distillation  of  hydrocarbons:  Chem.  News,  vol.  18,  July  31, 1868,  pp.  51-52. 
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distillation,  exposed  to  various  degrees  of  temperature  below  its  own 
boiling  point,  so  long  as  the  hydrocarbons  of  lighter  gravity  and  boil- 
ing point  are  not  removed  from  the  still.  Consequently,  the  liquid 
hydrocarbons  of  high  boiling  point  may  remain  exposed  in  the  still 
to  temperatures  below  their  boiling  point  for  a  number  of  hours. 
For  example,  in  refinery  practice,  one  to  three  days  is  necessary  to 
complete  a  crude  distillation,  the  exact  period  depending  on  the  size 
of  the  still  and  the  amount  of  hydrocarbons  to  be  treated.  This 
long  exposure  to  a  degree  of  heat  below  the  boiling  point  of  a  particu- 
lar hydrocarbon,  resulting  in  its  dissociation  or  partial  alteration, 
constitutes  ''cracking."  As  time  is  an  important  factor  in  every 
organic  reaction,  the  technical  significance  of  the  time  the  oil  is  ex- 
posed to  heat  becomes  evident. 

It  has  been  pointed  out  by  Engler  and  Hofer  ^  that  the  separation 
of  hydrocarbons  by  distillation  is  often  difficult  for  fractions  of 
petroleum  boiling  as  low  as  200^  C.  on  account  of  the  ease  of  decom- 
position of  the  higher-boiling  fractions  at  ordinary  atmospheric 
pressures.  Mabery,  Zaloziecki,  and  other  investigators  have  amply 
established  this  fact.  In  some  distillation  work  done  by  two  of  the 
authors  ^  it  was  found  that  a  Pennsylvania  oil  of  the  best  quality 
began  to  crack  at  325^  C.  A  similar  figure  is  recorded  as  b^inniiig 
the  cracking  range  for  Pennsylvania  crudes  distilled  in  commercial 
stills.^" 

FACT0B8  CONTBOLLma  CBACKINa. 

In  the  cracking  of  heavy  oils  two  factors  govern  lai^ely  the  course 
of  the  reactions  that  take  place,  namely,  temperature  and  pressure 
The  function  of  increased  temperature  is  to  break  the  bonds  of  groups 
that  make  up  the  complex  hydrocarbon  molecule.  In  many  proc- 
esses pressure  is  of  chief  importance  in  controlling  the  temperature 
of  distillation,  but  it  also  exerts  an  influence  on  the  nature  of  the 
decompositions  produced. 

The  temperature  at  which  dissociation  takes  place  with  the  desired 
rapidity  is  usually  above  the  boiling  point  of  the  hydrocarbons  con- 
cerned. When  no  pressure  is  employed  these  hydrocarbons  will 
vaporize  and  pass  out  of  the  reacting  sphere,  the  degree  of  alteration 
being  small.  If,  however,  sufficient  pressure  is  employed  to  raise  the 
boiling  point  to  a  temperature  causing  more  rapid  cracking,  altera  • 
tion  into  desired  products  may  be  obtained  with  a  minimum  of  tot;:' 
decomposition.     As  soon  as  the  action  begins  to  be  total  decomposi- 

a  Engler,  C,  and  HOfar,  Hana,  Das  ErdGl,  vol.  1, 1913,  p.  495. 

b  Rittman,  W.  F.,  and  Dean,  E.  W.,  The  analytical  distillation  of  petroleum:  Jonr.  Ind.  and  Eni;. 
Chem.,  vol.  7,  September,  1915,  p.  754. 

.  c  Robinson,  F.  C,  The  mamifacture  of  petroleum  products:  Met.  and  Chem.  Eng.,  vol.  11,  July,  1913^ 
p.  389. 
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tion,  permanent  gases  will  be  evolyed  and  both  carbon  and  heavy 
asphaltic  bodies  will  remain  as  residues.  The  volume  of  gas,  there- 
fore, if  measured,  is  an  approximate  index  of  the  degree  of  decompo- 
sition that  is  taking  place. 

OBJECT  OF  CBACXINa  FBOCE8S. 

The  cracking  process  involves,  therefore,  a  partial  alteration  or 
dissociation,  as  distinguished  from  a  more  complete  alteration  or 
decomposition.  The  object  of  cracking  is  to  alter  the  heavier 
molecules  so  that  low-boUing  hydrocarbons  will  be  produced  that 
would  not  appear  on  ordinary  distillation.  Such  a  process  may  or 
may  not  be  accompanied  by  an  appreciable  production  of  perma- 
nent gases,  depending  on  the  degree  of  alteration  necessary  to  obtain 
the  desired  products.  In  a  simple  cracking  process  as  high  a  tem- 
perature as  is  practicable  within  the  limits  of  the  apparatus  is 
desirable,  in  order  to  insure  a  high  speed  of  reaction.  'A  decrease  in 
temperature  below  a  given  point  will  mean  a  decided  increase  in 
time.  In  conunercial  practice  this  would  mean  increase  in  operating 
costs.  On  the  other  hand,  too  high  a  temperature  will  mean  a  large 
production  of  extreme  decomposition  products,  so  that  for  results 
desirable  conunercially  a  mean  temperature  must  be  chosen  that  will 
cause  the  process  to  be  completed  at  the  maximimi  speed  consistent 
with  a  relatively  small  production  of  permanent  gases  and  carbon. 
This  consideration  has  been  emphasized  by  Engler  and  Hof  er,  *  who 
point  out  that,  for  the  splitting  of  heavier  petroleum  hydrocarbons 
into  lighter  products,  excessively  high  temperatures  are  not  ad- 
vantageous. 

COXMBRCIAIi  VALUE  OF  CBACEINa  PBOGBSS. 

liquid-phase  cracking  processes,  though  extensively  used  for 
the  production  of  illuminating  oils  and  motor  fuels,  are  as  yet  in  the 
primary  stages  of  commercial  application.  As  a  means  of  supplying 
the  products  most  in  demand,  their  importance  can  hardly  be 
overestimated.  They  served  their  purpose  well  for  producing  burn- 
ing oils,  when  these  were  the  most  desirable  products,  and  are  now 
being  adapted  to  the  production  of  gasolines  and  naphthas.  It  only 
remains  .to  discover  the  most  efficient  means  of  obtaining  the  maxi- 
mum possible  percentage  of  the  desired  product  from  any  particular 
oil.  The  ease  and  cheapness  with  which  crude  petroleum  can  be 
transported  to  regions  lacking  supphes  of  crude  oil  give  particular 
value  to  cracking  processes,  as  the  cheapest  and  most  readily  obtain- 
able oils  maybe  subjected  to  cracking  at  the  place  of  the  greatest 
demand  and  most  extensive  use. 

a  Engler,  C,  and  H5fer,  Hans,  Op.  dt.,  vol.  1,  p.  56S. 
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nKSJTTDXOB  AGAINST  PBODTTCT8  OF  CBAGKXVG  FROGBSSBS. 

There  has  been  considerable  prejudice  against  the  products  of 
cracking  processes.  It  has  been  claimed  that  illuminating  oil  made 
by  cracking  is  inferior  in  light-giving  power  and  more  easily  acquires  a 
dark  color  with  age.  The  chief  objection  seems  to  have  been  due  to 
the  inevitable  presence  of  unsaturated  hydrocarbon  compounds. 
These  have  an  unpleasant  odor  and  require  the  use  of  a  lai^e 
quantity  of  sulphuric  acid  in  the  refining  process,  which  increases  the 
cost  of  the  finished  commercial  product. 

The  same  prejudice  seems  to  exist  with  respect  to  the  cracked  gaso- 
lines that  have  been  put  on  the  market.  The  characteristic  odor 
of  the  cracked  products  is  attributed  to  overheating  or  overcrack- 
ing  of  some  of  the  constituents,  a  trouble  that  is  avoided  with  diffi- 
culty in  treating  a  complex  mixture  of  substances  of  widely  different 
boiling  points.  Only  a  small  part  need  be  overheat^  to  impart  a 
chSe\itic  odor  L  the  whole  mixture.  However,  refining  with 
sulphuric  acid  eliminates  a  great  deal  of  this  odor. 

The  volume  of  unsaturated  hydrocarbons,  or  olefins,  produced 
has  been  one  of  the  chief  drawbacks  to  all  the  cracking  processes 
operated  at  atmospheric  pressure.  The  well-known  fact  that  unsat- 
urated hydrocarbons  tend  to  form  saturated  hydrocarbons  by  the 
action  of  heat  with  pressure  is  largely  responsible  for  the  number  of 
processes  that  have  been  brought  forward  for  cracking  und^  pres- 
sure, more  particular  mention  of  which  is  made  later.  For  the  same 
reason  many  inventors  introduce  catalyzers  into  the  cracking  zone. 

Another  objection  made  to  the  cracked  gasolines  has  been  the 
alleged  fact  that  such  gasolines  deposit  larger  quantities  of  soot  in  the 
cylinders  of  internal-combustion  engines  than  do  uncracked  gasoline 
distillates.  It  is  conceivable  that  such  a  deposit  may  be  largely  due 
to  improper  combustion,  which  occurs  because  the  nature  of  the 
product  is  unknown.  Hall,^  who  has  investigated  this  subject,  has 
stated  that  such  soot  deposition  is  attributable  to  this  cause,  the 
mixture  used  being  too  rich.  His  investigations  tend  to  show  that  a 
properly  cracked  gasoline  or  motor  spirit  gives  a  greater  mileage  than 
a  gasoline  distiQate,  which  he  explains  on  the  ground  that  the 
cracked  gasohne  bums  more  slowly  than  the  ''straight"  distillate, 
thereby  imparting  power  during  the  entire  stroke  of  the  piston, 
whereas  the  distiQate  gives  off  its  power  during  only  a  fraction  of 
the  stroke.  The  observations  of  Hall  have  been  confirmed  by  the 
experience  of  others. 

Therefore  there  is  reason  to  believe  that  instead  of  being  inferior 
the  cracked  gasolines  are  really  superior  for  use  in  automobile 
engines,  as  regards  both  mileage  and  power  obtainable,  even  though 

a  Hall,  W.  A.,  Address  delivered  to  Institution  of  Petroleum  Technologists,  London,  Feb.  1S»  1016;  ab- 
stTMted  in  Petroleum  World,  yoL  12,  Marab,  1915,  pp.  137-145. 
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they  lack  some  desirable  properties^  and  this  su^ests  that  a  blend 
of  cracked  gasolines  and  the  ^'straight"  distillate  gasolines  may  give 
greatly  improved  results.  The  Pittsburgih  laboratory  of  the  Bureau 
of  Mines  is  now  working  on  this  problem. 

HISTORICAL  REVIEW  OF  PATENTED  CRACKING  PROCESSES. 

FUtST  PBOCB8SB8. 

The  first  processes  for  the  recovery  of  lighter  boiling  hydrocarbons 
from  heavier  hydrocarbons  were  used,  as  has  been  previously  men- 
tioned, for  the  production  of  burning  oUs.  The  first  patent  of  this 
character  found  by  the  authors  was  that  granted  to  Young  in  1865.* 

The  distillation  was  conducted  in  a  closed  vessel  provided  with  a 
loaded  valve,  which  was  set  so  that  the  vapors  would  escape  at  any 
desired  pressure.  A  pressure  of  10  to  20  pounds  per  square  inch  is 
specified,  and  the  patent  seems  to  have  been  directed  to  the  re- 
covery of  burning  oils  from  Scottish  shale  oils. 

One  of  the  earliest  patents  taken  out  in  this  country  for  increasing 
the  yields  of  kerosene  or  burning  oils  was  that  granted  to  Benton.* 
In  Benton's  process  the  liquid  oU  waa  conducted  through  a  series  of 
pipes  inclosed  in  a  furnace,  where  the  temperature  of  the  oil  was 
raised  to  371''  C.  (700^  F.)  to  538^  C.  (1,000**  F.),  under  a  pressure 
of  600  pounds  per  square  inch,  or  less.  The  heated  oil  was  then 
expanded  into  a  chamber  kept  at  approximately  the  same  tempera- 
ture, and  was  conducted  thence  to  a  condenser. 

In  the  same  year  (1886)  a  patent  was  granted  to  A.  Riebeck's 
Mining  Works,*  Inc.,  in  Halle,  for  a  process  involving  distillation 
under  pressure  of  heavier  oils  to  produce  benzine  and  burning  oils. 
A  pressure-release  valve  was  placed  between  the  still  and  the  con- 
densers. When  the  pressure  on  the  still  exceeded  that  for  which 
the  valve  was  set,  the  valve  automatically  opened  and  allowed  the 
vapors  to  pass  to  the  condenser. 

These  processes  were  followed  by  the  process  patented  by  Dewar 
and  Jledwood.^  This  process  eliminated  the  valve  between  the 
still  and  the  condenser  and  permitted  the  two  to  be  in  free  commu- 
nication, the  space  above  the  hquid  in  the  still  and  condenser  being 
charged  with  air,  carbon  dioxide,  or  other  gas  imder  the  required 
pressure.  The  condenser  was  provided  with  a  regulated  outlet  for 
the  hquid  products. 

A  somewhat  later  patent  with  the  same  object,  the  production  of 
burning  oils,  etc.,  is  that  of  Ragosin,^  which  seeks  to  avoid  the  use  of 

a  Yotmg,  James,  English  Patent  8345,  Dec.  27, 1865. 
»  Benton,  O.  L.,  U.  8.  Patents  342564  and  342565,  liay  25, 1886. 

c  A.  Riebeck'8  Mining  Works,  Inc.,  in  Halle,  German  Patent  37728,  Klasse  23,  Feb.  28, 1886. 
'Dewar,   James,  and  Bedwood,  Boverton,  English  Patents  10277,  Jane  24,  1889;  U.  S.  Patents 
419081,  Jan.  21, 1890;  426173;  Apr.  22, 1890. 
«  Ragosin,  V.  I.,  English  Patent  1411,  Jan.  18, 1896. 
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pressure  by  introducing  into  the  still  a  hydrocarbon  of  low  boiling 
point,  such  as  benzene,  the  combined  vapors  of  the  benzene  and 
initial  material  passing  to  a  superimposed  cracking  vessel,  placed  in 
the  same  furnace  construction  but  with  separate  means  of  heating. 
The  liquids  that  form  in  this  cracking  vessel  run  back  into  the  still. 
The  cracked  vapors  are  passed  through  a  series  of  fractional  con- 
densers arranged  in  towers,  the  vapors  entering  at  the  bottom  and 
ascending  through  the  series. 

OBACXING  FBOOBSS  FOB  THB  PBODTTCTIOir  OF  GASOUNB. 

A  large  number  of  processes  have  been  patented  for  the  produc- 
tion of  increased  quantities  of  gasoline  or  motor  spirits  from  the 
heavier  hydrocarbon  mixtures  by  destructive  distillation. 

Of  all  these  processes  only  one  so  far  as  known  is  in  extensive  use 
in  the  industry,  this  being  the  well-known  Burton  process,  which  is 
owned  and  controlled  by  the  Standard  Oil  Co.  of  Indiana,  and  has 
been  rather  generally  employed  by  the  various  Standard  Oil  com- 
panies at  different  periods.  The  fact  that  the  Standard  Oil  mar- 
keting companies  have  put  in  large  and  expensive  installations 
involving  the  use  of  this  process  is  the  best  possible  indication  of 
the  need  of  ei&cient  cracking  processes  in  the  industry.  With  their 
usual  foresight  these  companies  have  perceived  that  the  supplies  of 
crude  petroleum  would  not  satisfy  the  continually  increasing  demand 
for  motor  spirits.  The  fact  that  to  a  laige  degree  the  employment 
of  the  Burton  process  has  improved  the  situation  so  far  as  these 
companies  are  concerned  is  a  tribute  to  the  sagacity  of  the  companies, 
as  well  as  to  the  intrinsic  merits  of  the  process  itself.  There  can  be 
no  question  that  the  use  of  this  process  in  the  pjast  few  years  by  the 
Standard  Oil  companies  has  contributed  greatly  to  reUeve  threat- 
ened shortages  in  the  supply  of  gasoline.  The  process  itself  has 
been  a  real  conservation  factor  so  far  as  American  petroleum  re- 
sources are  concerned,  and  too  much  credit  can  not  be  given  to  the 
inventor  as  well  as  to  the  companies  whose  faith  and  energy  have 
made  its  successful  development  possible. 

CLASSES  OF  GASOLINE-CRACKING  PROCESSES. 

Broadly  speaking,  gasoline-cracking  processes  may  be  divided  into 
three  types — those  that  involve  cracking  at  atmospheric  pressure; 
those  that  involve  cracking  under  pressure  in  stiUs  and  large  vessels; 
and  those  that  involve  cracking  under  pressure  in  small  vessels  or 
tubes. 

The  disadvantage  of  processes  involving  cracking  at  atmosph^c 
pressure  is  the  large  volume  of  olefins  formed.  It  is  also  difficult  to 
obtain  cracking  in  any  effective  degree,  as  the  higher  temperatiures 
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can  not  be  attained  without  causing  vaporization,  and  without 
pressure  the  vapors  can  not  be  held  in  the  heated  zone.  Fuel  con- 
sumption is  considerable  as  the  operation  has  to  be  conducted  slowly 
to  give  satisfactory  results.  The  d^ree  of  conversion  is  necessarily 
less  at  atmospheric  pressure  than  under  higher  pressures  as,  on 
account  of  the  greater  stabihty  of  the  lighter  molecules,  only  the 
heavier  molecules  are  subject  to  alteration. 

In  the  processes  involving  the  use  of  pressure  as  an  aid  to  cracking, 
some  of  the  investigators  lay  emphasis  on  having  the  condensation 
occur  under  pressure,  and  others  favor  condensation  after  release  of 
pressure.  Burton  ^  claims  that  by  having  the  pressure-controlling 
valve  placed  beyond  the  condenser;  so  as  to  have  the  condensation 
take  place  under  a  pressure  of  approximately  75  poundS;  the  volume 
of  unsaturated  hydrocarbons  is  largely  reduced.  On  the  other  hand, 
Brooks,  Bacon,  and  others^  describe  experiments  conducted  first 
with  the  valve  between  the  still  and  the  condenser,  and  then  with  the 
still  and  the  condenser  in  free  communication  so  as  to  allow  conden- 
sation under  pressure,  the  conditions  remaining  otherwise  the  same. 
They  report  that  no  difPerence  was  observable  in  the  volume  of 
olefins  formed. 

One  disadvantage  of  processes  in  which  the  vapors  are  permitted  to 
escape  only  through  a  pressure-release  valve,  such  as  those  patented  by 
A  Riebeck's  Mining  Works  Inc.,  in  Halle,*'  and.others,**  is  the  irregu- 
larity of  the  distillation.  This  irregularity  is  obviated  by  having  con- 
densation take  place  under  pressure,  and  theoretical  considerations 
favor  such  condensation. 

LIMTTATIONS  OF  CONVENTIONAL  CRACKINO  PROCESSES. 

Hall  ^  and  others  /  have  pointed  out  the  great  danger  inherent  in 
cracking  operations  in  which  a  large  volume  of  Hquid  is  heated  imder 
pressure  in  a  still  or  other  large  container.  As  discussed  more  fully 
later,  a  two-phase  system — that  is,  one  in  which  both  liquid  and  vapor 
are  present — necessitates  the  employment  of  a  given  pressure  for  a 
given  temperature,  and  vice  versa,  unless  one  of  the  phases  be  caused 
to  disappear.  Therefore,  in  order  to  reach  the  high  temperatures 
that  are  desirable  in  order  to  bring  about  a  maximum  of  cracking,  it 
is  necessary  to  use  correspondingly  high  pressures  if  the  two-phase 

•  Bnrton,  W.  M..  V.  8.  Patent  1049667,  Jan.  7. 1913. 

5  Brooks,  B.  T.,  Bacon.  R.  F.«  and  othen.  The  preparation  of  gasoline  and  kerosene  from  heavier  hydro 
oarbons:  Jour.  Ind.  and  Eng.  Chem.,  vol.  7,  March,  1915,  p.  180. 

c  A.  Biebeck's  MfaiJng  Works,  Inc.,  in  Halle,  German  Patent  37728.  Klasse  23,Feb.  28. 1886. 

'  Bacon,  R.  F„  and  Clark,  C.  W.,  U.  S.  Patent  1101482,  June  23. 1914;  Young.  James,  English  Patent 
8345.Dee.27.186& 

«  Hall,  W.  A.,  Address  delivered  to  Institution  of  Petroleum  Technologists,  London,  Feb.  18, 1916; 
abstracted  hi  Petrolonm  World,  vol.  12,  March  1915,  p.  137. 

/  See  Clark,  E.  M.«  U.  8.  Patent  1U9496.  Dec.  1, 1914;  Humphries,  R.  E.,  U.  S.  Patent  1122022.  Dec.  22. 
1914. 
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system  is  to  be  maintained.  This  use  of  both  high  temperature  and 
high  pressure  is  a  source  of  danger  when  lai^  quantities  of  liquids 
are  treated  in  a  single  operation,  as  the  retainers  are  apt  to  give  way 
and  the  great  volume  of  highly  heated  liquid  becomes  a  serious 
menace.  A  carbon  deposit  accumulates  in  the  stills  and  large 
retorts  employed  in  pressure-cracking  processes,  which  on  account  of 
its  high  insulating  power  causes  the  vessels  to  bum  out  during  pro- 
longed runs.  Recently  this  difficulty  has  been  largely  obviated  by 
the  use  of  stills  with  seamless  bottoms.^ 

Processes  of  this  nature  are  also  subject  to  the  limitation  conmion 
to  all  two-phase  (liquid-vapor)  systems,  namely,  that  the  tempera- 
ture and  the  pressure  can  not  be  varied  independently  of  each  other. 
This  fixed  interdependence  of  temperature  and  pressure  is  one  of  the 
greatest  handicaps  of  all  two-phase  processes,  for  the  higher  temper- 
atures and  pressures  favorable  for  cracking  the  lighter  and  inter- 
mediate fractions  of  a  crude  petroleum  can  not  be  attained  because  of 
the  difficulty  in  finding  retainers  that  will  withstand  the  necessary 
strain.  For  example,  such  interdependence  makes  impracticable  the 
tise  of  kerosene  (bimiing  oils)  as  an  initial  material  in  the  production 
of  gasoline. 

OnAOKING  AT  ATMOSPHBBIO  PBESSX7BB. 

A  considerable  number  of  processes  have  been  brought  forward  for 
effecting  at  atmospheric  pressure  the  cracking  of  heavier  hydro- 
carbons into  gasoline  hydrocarbons. 

Laing  ^  proposed  to  accomplish  this  result  by  passing  the  vapors 
coming  from  the  still  through  a  superheater  placed  in  the  flue  con- 
nected with  the  oil  still,  a  suitable  arrangement  being  provided  for 
regulation  of  the  heat. 

The  process  patented  by  Seigle*  provides  for  the  passage  of  the 
initial  hydrocarbon  material  through  a  series  of  vaporizing  chambers, 
and  thence  through  a  series  of  heating  or  cracking  chambers  where 
the  vapors  are  superheated  and  cracked.  Heat  is  supplied  by  immers- 
ing both  series  of  chambers  in  a  bath  of  molten  lead. 

Cowper-Coles  ^  in  1906  patented  a  process  for  obtaining  low-boiling 
hydrocarbon  oils  from  liquid  hydrocarbon  distillates  obtained  from 
shale,  peat,  coal,  etc.  The  initial  material  is  heated  in  a  still  and  the 
vapors  then  pass  through  a  series  of  small  pipes  heated  to  a  temper- 
ature of  about  925°  C,  from  which  they  are  conducted  to  a  condenser. 
The  size  of  pipes  is  not  indicated. 

a  See  Homplirles,  R.  E.,  U.  6.  Patents  n22002, 1122003,  Dec.  22, 1914. 
b  Laing,  John,  English  Patents  11079,  May  16, 1801;  4120,  liar.  17, 1890. 

r  Beigle,  Adolphe,  U.  B.,  Patents  567751, 667752,  Sept.  15,  1896;  French  PatenU  249683,  Aug.  13, 1805, 
252068,  Nov.  29, 1805;  English  Patents  18518,  Oct.8, 1805,  23235,  Dec.  4, 1895. 
*  Cowpei>ColeB,  8.  O.,  English  Patent  27945,  Dec.  7, 1906. 
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Noad  ^  passes  a  mixture  of  oil  and  water,  in  the  proportion  of  two 
parts  of  oil  to  one  of  water,  into  one  end  of  a  U-shaped  chamber  filled 
with  scrap  iron,  and  maintained  at  a  dull  red  heat  (about  482^  C.)» 
the  vapors  then  being  led  to  a  condenser. 

A  process  of  somewhat  similar  nature  to  that  of  Noad's,  aside  from 
the  different  construction  of  the  converter,  is  that  controlled  by  the 
New  Oil  Refining  Process  (Ltd.),  an  English  corporation.^ 

An  emulsion  of  oil  and  water  is  fed  into  a  vertical  tube,  which  may 
be  constructed  of  fire  clay  or  metal.  This  retort,  which  is  inclosed 
in  a  furnace,  is  filled  with  scrap  iron  or  other  refractory  material,  and 
is  heated  to  638®  to  660®  C.  The  oil  enters  the  top  of  the  retort  by 
gravity  feed,  and  the  water  is  injected  into  the  bottom  of  the  tube 
in  a  similar  manner.  The  vapors  pass  upward  out  of  the  retort  into 
a  first  condenser  where,  it  is  claimed,  the  imconverted  vapors  are 
condensed;  thence  they  return  to  the  retort  for  further  treatment, 
and  the  lighter  converted  vapors  pass  into  a  second  condenser.  The 
oil  that  remains  liquid  at  the  temperature  in  the  interior  of  the  retort 
is  drawn  off  at  the  bottom. 

In  the  process  patented  by  Adams^  oil  is  fed  into  a  converter  into 
which  an  electric  heater  is  introduced.  The  liquid  oil  is  maintained 
imder  a  partial  vacuimi  and  is  forced  upward  through  an  insulating 
shell  into  the  interior  of  the  converter  so  as  to  localize  the  heating  of 
the  oils.  The  heater,  which  is  maintained  at  a  ''cherry  red"  or 
or  ''white  heat,"  is  kept  submerged  to  avoid  explosion  of  the  oil 
vapors.    The  vapors  are  then  passed  to  a  condenser. 

Moeller  and  Woltereck^  pass  vapors  of  heavy  oil,  mixed  with 
steam,  superheated  to  700®  to  800®  C.  at  atmospheric  pressure, 
through  tubes  filled  with  broken  coke  and  heated  to  a  dull  red  heat 
(600®  to  800®  C). 

Another  process  involving  the  use  of  steam  is  that  patented  by 
Valpy  and  Lucas.^  Superheated  steam  is  introduced  into  a  still 
containing  liquid  oil,  and  the  mixture  of  steam  and  oil  vapors  re- 
sulting is  passed  through  cracking  tubes  inclosed  in  a  fiunace  cham- 
ber. The  tubes  are  filled  with  a  catalytic  material  (thin  nickel  tubes 
electrically  heated  may  be  used)  and  are  heated  to  a  temperature 
varying  between  "dull  and  bright  red."  The  decomposed  steam  and 
oil  vapors  are  then  passed  to  a  condenser.  Provision  is  made  for  the 
mixed  vapors  to  traverse  a  pair  of  coils,  one  of  which  is  placed  in 
the  stiQ  and  the  other  in  the  oil-supply  tank,  as  a  means  of  adding 
heat  to  the  oil  and  cooling  the  vapors  before  they  enter  the  condensers. 

a  Noad,  James,  U.  S.,  Fatent  971468,  Sept.  27, 1910. 

5  The  New  On  Reflning  Process  (Ltd.)i  and  Neilsoa,  R.  O.,  English  Patents  18676, 1906;  26460,  Dec.  18, 
1911;  20074, 20075,  Aug.  28, 1913. 
e  Adams,  7.  H.,  tJ.  S.  Patent  970975,  Nov.  29, 1910. 
<i  Moeller,  JnlJas,  and  Woltereck,  H.  C,  English  Patent  16611,  July  19, 1913. 
«  Valpy,  O.  H.,  and  Lucas,  O.  D.,  English  Patent  20470,  Sept.  10, 1913. 
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A  more  recent  process  invented  by  Greenstreet '  proposes  to  atom- 
ize crude  oil  with  steam,  to  pass  the  mixture  of  oil  and  steam  through 
a  coil  of  pipes  maintained  at  a  temperature  above  538^  C.  to  ignite  a 
part  of  the  product,  and  then  to  condense  the  remainder. 

Sabatier,^  one  of  the  most  noted  inventors  in  the  hydrocarbon 
field,  has  recently  brought  forth  a  new  process  for  the  production  of 
hght  hydrocarbons,  involving  the  use  of  catalytic  material.  The  oil 
is  first  vaporized  and  the  vapors  directed  against  platinum  wires 
rendered  incandescent  by  electric  current  and  brought  to  a  bright 
red  heat.  Hydrogenation  of  the  imsaturated  hydrocarbon  is  accom- 
plished by  passing  the  vapors  through  a  spiral  of  nickel  or  other 
suitable  catalytic  material  heated  to  200^  to  350^  C.  by  an  electric 
current. 

Several  processes  have  been  devised  for  facilitating  the  cracking 
reaction  at  atmospheric  pressure  by  adding  aluminum  chloride  to  the 
oils  to  be  treated. 

The  first  process  of  this  nature  seems  to  have  been  that  of  Friedel 
and  Crafts.^  From  5  to  20  per  cent  of  anhydrous  aluminum  chloride 
is  added  to  the  hydrocarbon  material  and  the  mixture  heated  in  a  still 
or  other  large  retort  to  a  temperature  varying  from  100®  to  600**  C. 
The  process  was  designed  to  produce  burning  oils,  lubricating  oils, 
etc.,  from  heavier  hydrocarbons.  Gasoline,  of  course,  was  not  in 
demand  at  that  time,  so  that  the  adaptability  of  the  process  for  gaso- 
line production  was  not  mentioned,  although  clearly,  in  the  light  of 
later  knowledge,  the  process  is  equally  suitable  for  this  purpose. 

Gray,**  an  American  inventor,  has  patented  a  similar  process  with 
the  addition  of  a  mechanical  stirrer  which  keeps  the  aluminum 
chloride  in  suspension  in  the  hydrocarbon  material  and  prevents  its 
being  overheated.  The  mixture  is  heated  to  a  temperature  not 
higher  than  163®  to  177®  C.  Usually  5  to  10  per  cent  of  anhydrous 
aluminum  chloride  or  other  metaUic  chloride  is  used. 

The  more  recently  patented  process  of  McAfee  *  proposes  the  use 
of  the  same  percentage  admixture  of  aluminum  chloride  as  specified 
by  Gray,  and  approximately  the  same  temperatures  (149®  to  177^  C). 
No  mechanical  stirrer  is  used.  A  new  feature  is  the  use  of  a  separate 
chamber  between  the  still  and  the  first  condenser,  for  the  separation 
and  recovery  of  the  aluminum  chloride. 

Although  these  are  by  no  means  all  the  patented  cracking  proc- 
esses, they  sufficiently  illustrate  the  development  of  the  art  for 
processes  operated  at  atmospheric  pressure.  Other  patents  are 
mentioned  in  the  bibliography  at  the  end  of  this  bulletin. 

a  Greenstreet,  C.  J.,  TJ.  S.  Patent  1110923,  Sept.  15, 1914;  French  Patent  446475,  July  24, 1912. 
t  Sabatlcr,  Paul,  and  Mailfae,  Alphanse,  U.  8.  Patent  1124333,  Jan.  12, 1915. 
e  Friedel,  Charles,  and  Crafts,  J.  M.,  English  Patent  4769,  Dee.  15, 1877. 
d  Gray,  G.  ^.,  English  Patents  1783^  and  17a39,  Aug.  5, 1918. 
« licAfee,  A.  HcD.,  U.  S.  Patent  1127465,  Feb.  9, 1915. 
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CRACKING  UNDER  PRESSURE. 

In  order  to  point  out  the  various  lines  along  v^hioh  eflForts  have 
been  made  to  develop  cracking  processes,  as  well  as  to  more  clearly 
differentiate  from  prior  conceptions  the  processes  discussed  in  this 
report,  a  brief  review  of  the  patents  granted  for  processes  involving 
cracking  imder  pressine  is  given.  The  improvements  in  the  art  are 
naturally  protected  by  patents,  so  that  the  patent  literature  contains 
the  record  of  the  most  recent  and  important  developments.  The 
patented  processes  covering  the  utilization  of  cracking  under  pres- 
sure for  the  production  of  burning  or  illuminating  oils  have  already 
received  attention. 

The  danger  incident  to  the  subjection  of  large  volumes  of  liquid 
to  high  temperatures  and  pressures  has  led  many  investigators  to 
adopt  the  use  of  tubes  in  lieu  of  stills  or  similar  large  retorts.  The 
most  striking  feature,  therefore,  of  the  development  of  the  cracking 
art  is  the  increasing  number  of  patents  involving  the  employment 
of  small  pipes  or  tubes.  A  number  of  recent  investigators  have  called 
attention  to  the  improved  results  obtained  by  condensation  under 
pressure,  among  these  being  Hall,^  Brooks,  Bacon,  and  others^  ^  and 
Hiunphreys.  ^  All  the  more  recent  patents  seem  to  involve  the  use 
of  pressure  condensation  as  a  means  of  obtaining  increased  yields. 

The  best  known  and  most  successfid  process  employing  the  use  of 
a  large  retort  or  still  for  the  cracking  of  heavier  hydrocarbons  is  that 
patented  by  Burton.  ^  The  process  is  expressly  stated  to  be  limited 
to  petroleum  distillates  with  a  boiling  point  of  500°  F.  (260°  C.)  or 
above.  The  initial  material  is  placed  in  the  still  and  subjected  to  a 
temperature  of  650°  F.  (343°  C.)  to  800°  F.  (426°  C.)  and  a  pressure 
of  4  to  5  atmospheres.  The  vapors  are  condensed  under  pressure  in 
an  ordinary  type  of  condenser. 

A  further  proposed  modification*  of  this  process  involves  the 
addition  of  inclined  conduits — ^pipes  12  inches  in  diameter  and  40 
feet  in  length — ^passing  from  the  still  to  the  condenser.  The  object 
of  the  inclined  conduits  is  to  permit  the  condensation  of  the  heavier 
fractions  of  the  distillate,  which  automatically  return  to  the  still 
for  further  exposure  to  the  cracking  temperature,  the  heavier  frac- 
tions being  thus  subjected  to  the  repeated  action  of  the  pressure  and 
temperature  in  the  stiU. 

•  Hall,  W.  E.,  Address  dellyered  to  Institution  of  Petroleum  Technologists,  London,  Feb.  18, 1915; 
abstcacted  in  Petroieom  World,  voL  12,  Mar.,  1915,  p.  137. 

fr  Brooks,  B.  T.,  Baoon,  R.  F.,  and  others,  The  preparation  of  gasoline  and  kerosene  from  heayier 
hydrocarbons:  Jour. Ind.  and  Eng.  Chem.,  vol.  7,  Mar.,  1915,  p.  180. 

c  Humphreys,  R.  £.,  U.  8.  Patent  1119700,  Dec.  1, 1914. 

d  Burton,  W.  M.,  U.  8.  Patents  1049667,  Jan.  7. 1913;  1106961,  Aug.  4, 1914.  8ee  also  Clark,  E.  M.,  U.  8. 
Patent  1132163,  Mar.  16, 1915. 

<  See  Humphreys,  R.  E.,  U.  8.  Patent  1119700,  Dec.  1, 1914. 
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The  process  patented  by  Leffer^  provides  for  the  distillation  of 
heavy  hydrocarbons  in  an  ordinary  still,  the  liquid  oils  being  agi- 
tated by  a  mechanical  stirrer.  The  system  is  mider  a  pressureof 
10  to  12  atmospheres,  created  by  a  circulating  current  of  permanent 
gases.  The  vapors  coming  from  the  still  are  then  passed  through  a 
decomposition  chamber  maintained  at  a  temperature  not  exceeding 
410^  C,  the  chamber  being  placed  between  the  distillation  v^sel 
and  the  condenser. 

In  a  later  modification  of  the  same  process  Leffer  ^  proposes  to 
atomize  the  hydrocarbon  material  to  be  treated  in  a  mixing  chani> 
her  by  means  of  a  circulating  current  of  permanent  gases  and  to 
pass  the  liquid  in  a  finely  divided  form  into  a  decomposing  chamber 
maintained  at  a  temperature  not  exceeding  400^  C,  whence  the 
vapors  pass  through  a  dephlegmating  column  to  a  condenser.  The 
specification  provides  for  atomization  directly  into  the  decompos- 
ing chamber  instead  of  in  the  nuxing  chamber,  if  desired. 

In  the  process  discovered  by  Planes,  Ltd.,  and  Thompson  ^  oil  is 
heated  in  a  high  still,  the  bottom  being  of  conical  shape  and  taper- 
ing down  to  a  pipe  through  which  oil,  hydrogen  gas,  and  catalyzers 
are  introduced.  The  upper  half  of  the  still  is  outside  the  furnace 
chamber,  thereby  permitting  the  condensation  of  heavy  vapors. 
Heating  takes  place  in  the  presence  of  finely  divided  nickel,  the  sys- 
tem being  under  a  pressiu*e  of  5  to  100  pounds  per  square  inch. 
Hydrogen,  or  a  purified  water  gas,  is  forced  into  the  still  under 
heavy  pressure  and  the  liquid  mixture  is  violently  agitated  by  a 
mechanical  stirrer.  The  vapors  pass  to  the  condenser  through  a 
valve  loaded  to  insure  the  desired  pressure  and  enter  the  condenser 
after  passing  through  a  series  of  perforated  shelves  which  are  cov- 
ered with  finely  divided  nickel  deposited  on  asbestos. 

The  process  devised  by  Bacon  and  Clark  ^  proposes  to  heat  hydro- 
carbons with  boiling  points  of  250°  C.  and  upward  under  a  pressure 
of  100  to  300  poimds  per  square  inch.  A  pressure-release  valve  is 
placed  between  the  still  and  the  condenser,  so  that  condensation 
occurs  at  atmospheric  pressure.  Temperatures  (300°  to  500°  C.) 
su£Bicient  to  permit  the  use  of  the  pressures  specified  are  employed. 
The  process  is  distinguished  from  the  Burton  process  by  the  use  of 
higher  pressures  and  the  specification  of  lower  boiling  hydrocarbons 
as  the  starting  material. 

The  process  jointly  patented  by  Shedlock  and  the  Optime  Motor 
Spirit  Syndicate  (Ltd.),*  proposes  to  first  purify  the  oils  to  be  treated 

a  Leffer,  L.  Q.,  English  Patent  19051,  Aug.  20, 1912;  French  Patents  43M76,  Jan.  29, 1912;  18S00,  Aug.  19, 
1913. 
h  Lafler,  L.  0.,  En«fUsh  Patent  4140,  Feb.  18, 1913. 
e  PUmes,  Ltd.,  and  Thompson,  W.  P.,  English  Patent  634.5,  Mar.  1, 191S. 
*  Bacon,  R.  F.,  and  Clark,  C.  W.,  IT.  S.  Patent  1101482,  June  23, 1914. 
«  Shedlook,  J.  J.,  and  Optime  liotor  Spirit  Syndicate  (Ltd.),  English  Patent  1S78»  Jan.  33, 1914. 
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by  removing  sulphury  carbon,  asphaltic  bodies,  etc.,  the  oils  being 
passed  through  a  vessel  charged  with  metallic  oxides.  This  vessel  is 
heated  in  a  furnace  to  a  temperature  of  149°  to  204°  C,  tmder  a 
pressure  of  3  to  6  atmospheres  (45  to  90  pounds  per  square  inch). 
The  purified  oils  are  then  conducted  through  a  settling  vessel  into 
an  agitator,  where  the  liquid  oil  is  emulsified  with  water,  the  emul- 
sion being  subsequently  forced,  under  a  pressure  of  from  3  to  6  atmos- 
pheres, through  a  converter  filled  with  iron  or  steel  shavings.  This 
converter  is  heated  to  260°  to  482°  C.  The  emulsified  products  are 
then  expanded  through  small  jets  into  a  large  chamber,  from  which 
they  are  withdrawn  by  means  of  a  pump  and  passed  through  a  scrub- 
bing vessel,  where  the  heavier  oils  are  recovered,  the  lighter  oil 
vapors  and  permanent  gases  passing  onward  into  a  condenser. 

CRACKING  IN  TUBES  OR  PIPES. 

In  1908  Testelin  and  Renard  '  obtained  letters  patent  for  a  proc- 
ess involving  the  passage  of  steam  and  liqtdd  oil  through  a  system 
of  tubes  inclosed  in  a  furnace  chamber,  the  tubes  being  kept  at  a 
temperature  of  400°  to  450°  C.  The  mixture  is  then  passed  through 
another  series  of  tubes  filled  with  pieces  of  burnt  porous  day  and 
maintained  at  a  temperature  approximating  that  of  red  heat.  The 
feed  of  steam  and  petroleum  is  so  regulated  that  equal  quantities  of 
water  and  petroleum  are  condensed. 

Hall  ^  has  brought  forward  a  process  involving  the  passage  of  a 
liquid  hydrocarbon  under  a  pressure  of  70  pounds  per  square  inch 
through  a  coil  of  pipe  heated  to  approximately  650°  C,  the  vapors 
then  passing  to  a  cooling  chamber,  where  the  temperature  is  lowered 
to  approximately  200°  C,  and  thence  to  a  condenser,  condensation 
taking  place  under  pressure.  In  an  improved  form  of  this  process  ^ 
the  oil  is  vaporized  and  passed  at  a  rate  of  feed  exceeding  70  gallons 
per  hour  through  winding  inclined  metallic  tubes  1  inch  in  diameter 
and  300  feet  in  length,  in  which  are  inserted  rods  of  catalytic  mate- 
rial, preferably  nickel.  The  products  are  passed  from  these  tubes 
into  an  expansion  chamber,  where  the  pressure  is  reduced  from  that 
existing  in  the  cracking  tubes  (about  4  atmospheres)  to  atmospheric 
pressure.  The  expansion  chamber  consists  of  a  tube  12  inches  in 
diameter  and  12  feet  high.  The  speed  of  the  vapors  through  the 
tubes  approximates  6,000  feet  per  minute.  The  speed  is  reduced 
by  causing  the  vapors  to  enter  the  expansion  chamber  through  a 
confined  space  acting  as  a  throttle  and  serving  to  impinge  them 
against  a  baffle.    It  is  claimed  that  the  reduction  of  pressure  causes 

— ^—  ^^■— ^^^^^—    ■    ,  ^B^— —  ^»a— — ^^  III      ■  ■■!■■■■■        I——       ■■  ■■III         — ^— ^^^^^^  ^^^^^  ^■^M^^i^^^i—  ^.i  ^^^^^^^^^^  ■■  ^ 

•  TesteliD,  Auguste,  and  Renard,  Georges,  English  Patent  10881,  Aug.  11, 1906. 
»  Hall,  W.  A.,  English  Patent  24491,  Oct.  28, 1913. 
«  Hall,  W.  A.,  English  Patent  17121,  July  25, 1918. 
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a  higher  temperature  in  the  large  tube  than  in  the  cracking  tubes, 
so  that  an  additional  superheating  of  the  vapors  and  cracking  takes 
place.  The  carbon  is  collected  at  the  bottom  of  the  expansion  tube 
upon  a  metal  screen. 

Kittle,^  by  means  of  a  compression  air  pump,  forces  liquid  oil  under 
a  pressure  of  100  po\mds  per  square  inch  through  a  coil  of  pipe  three- 
sixteenths  of  an  inch  in  diameter  and  at  least  20  feet  long.  The  coil 
is  inmiersed  in  a  molten-lead  bath,  the  temperature  of  the  bath  being 
at  least  700^  C,  so  that  the  temperature  of  the  oil  in  the  tubes  will  be 
approximately  500°  C. 

Another  process,  in  which  a  catalyzer  is  used  to  promote  cracking, 
is  that  of  Fillis,^  in  which  the  oil,  after  having  been  preheated,  is 
atomized  into  the  top  of  a  vertical  tube  or  chamber  completely 
filled  with  catalytic  material.  A  pressure  of  30  to  60  pounds  per 
square  inch  is  maintained  by  controlling  the  discharge  of  the  gases 
produced.  A  volume  of  air  is  admitted  into  the  chamber  sufficient 
to  effect  combustion  of  3  to  10  per  cent  of  the  oil  in  order  to  crack 
or  convert  a  part  of  the  remaining  hydrocarbon  materiaL 

In  the  process  patented  by  Turner  ^  a  mixture  of  steam  and  liquid 
oil  is  carried  through  a  series  of  coiled  pipes,  2  inches  in  diameter,  the 
coils  being  so  arranged  that  any  desired  amoimt  of  superheating  of 
the  mixture  of  steam  and  oil  vapor  can  be  obtained.  The  products 
then  pass  through  a  series  of  fractional  condensers.  A  temperature 
of  1,000°  F.  (538°  C.)  to  1,400°  F.  (760°  C.)  and  a  pressure  of  about 
60  poimds  per  square  inch  are  specified. 

Von  Groeling's  ^  process  also  involves  the  use  of  steam.  Oil  from 
a  series  of  tubes  externally  heated  in  a  furnace  is  fed  into  a  still  into 
which  steam  is  introduced.  The  mixed  vapors  of  steam  and  oil  pass 
to  the  top  of  the  still  and  then  repass  through  the  same  tubes,  so 
that  the  vapors  from  the  still  are  forced  to  travel  through  the  ciurent 
of  oil  proceeding  to  the  still.  In  this  manner  the  oil  is  preheated 
before  it  reaches  the  still.  A  temperature  of  360°  to  500°  C.  is 
maintained  both  in  the  still  and  in  the  cracking  tubes.  The  vapors, 
after  passing  from  the  cracking  tubes,  enter  a  dephlegmator  and 
finally  a  condenser,  where  they  are  hquefied  without  pressiure. 

In  Zeming's^  process  water  and  liqtdd  oil  are  forced  by  means  of  a 
pump  through  tubes  heated  to  300°  to  400°  C,  the  resulting  vapors 
being  rapidly  passed  through  pipes  heated  to  a  "dark  red''  heat, 
whence  they  are  passed  through  a  cooling  device,  where  the  water  and 
tarry  substances  are  condensed.  The  imcondensed  vapors  and 
fixed  gases  are  collected  in  a  gas  reservoir  and  then  driven  by  means 

a  Kittle,  H.  A.,  English  Patent  8336,  Apr.  6, 1900. 

ft  Ellis,  Carleton,  English  Patent  26631,  Nov.  8,  1912. 

c  Turner,  C.  W.,  U.  S.  Patent  1046683,  Dec  10, 1912.     See  also  U.  8.  Pat«nt  736379.  Apr.  28, 1903. 

rfVon  Groellng,  A.  F.,  English  Patent  10213,  Apr.  30, 1913. 

•  Zemlng,  Hermann,  English  Patent  731,  Jan.  9, 1913. 
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of  force  pumps  through  the  hydrocarbons  that  are  to  be  treated. 
The  pressure  used  is  not  specified,  but  it  is  claimed  that  too  high  pres- 
sures should  be  avoided. 

Clark  ^  has  patented  a  process  somewhat  similar  to  that  involved 
in  the  Zeming  *  patent  except  that  water  is  not  introduced.  The 
liquid  oil  to  be  treated  is  charged  into  a  large  tank  or  receiver,  from 
which  the  oil  is  withdrawn  by  means  of  a  pump  and  circulated  in  a 
fine  stream  through  a  coil  inclosed  in  a  combustion  chamber.  The 
heated  liquid  oil  is  then  returned  to  the  receiver.  By  continued  cir- 
culation, the  oil  in  the  receiver  is  raised  to  a  temperature  of  343°  to 
454°  C,  and  a  pressure  of  3  to  7  atmospheres  (45  to  105  pounds)  is  built 
up  by  controlling  the  escape  of  the  vapors  by  a  pressure-release  valve 
placed  beyond  the  condenser. 

Bacon  and  others.*^  have  worked  out  an  improvement  on  their 
earlier  process  ^  in  which  liquid  oil  is  fed  by  a  force  pump  into  the 
top  of  a  vertical  pipe  or  retort  19  inches  in  diameter  and  20  or  more 
feet  in  length,  inclosed  in  a  furnace  chamber.  The  liquid  oil  is  main- 
tained at  a  level  above  the  top  of  the  furnace  c'ombustion  chamber, 
the  retort  or  tube  projecting  some  5  feet  above  the  top  of  the  furnace. 
The  liquid  oil  is  heated  to  a  temperature  of  350°  to  500°  C,  under  a 
pressure  of  60  to  300  pounds  per  square  inch.  A  settling  chamber  is 
provided  at  the  bottom  of  the  retort  into  which  the  tar  and  coke 
formed  in  the  cracking  zone  of  the  retort  can  be  deposited  and  be 
withdrawn  from  time  to  time. 

A  more  recent  and  novel  process  is  that  of  Dubbs  ^  in  which  oil 
and  water  are  heated  in  coils,  under  a  pressure  of  50  to  600  pounds 
per  square  inch,  to  a  temperature  of  66°  to  316°  C,  and  the  mingled 
vapors  are  then  discharged  through  a  suitable  jet  into  an  expansion 
chamber  and  the  pressure  released.  Additional  heat  is  admitted 
into  the  expansion  chamber  when  necessary. 

HYDROGENATION   OF  PRODUCTS   OF   CRACKING. 

It  wiU  be  noted  that  many  of  these  inventors  have  attempted  to 
combine  with  the  cracking  process  that  of  hydrogenation,  in  order 
to  minimize  the  formation  of  the  unsaturated  hydrocarbons  char- 
acteristic of  low-pressure  cracking  reactions.  This  they  propose  to 
accomplish  either  by  the  decomposition  of  steam,  which  is  mingled 
with  the  oil  vapors  so  as  to  produce  free  hydrogen,  the  liberated  oxy- 
gen combining  with  free  carbon  to  form  carbon  monoxide,  or  else  by 
the  employment  of  a  catalyzer  to  break  down  sufficient  of  the  hydro- 

a  Clark,  E.  M.,  U.  S.  Patent  1119490,  Dec.  1, 1914. 

b  Zemfng,  Hermann,  English  Patent  731,  Jan.  9, 1913. 

c  Bacon,  R.  F.,  Brooks,  B.  T.,  and  Clark,  C.  W.,  U.  8.  Patent  1131309,  Mar.  9, 1916. 

d  Bacon,  R.  F.,  and  Clark,  C.  W.,  U.  8.  Patent  1101482,  June  23, 1914. 

«  DubbB,  J.  A.,  U.  S.  Patent  1136506,  Apr.  13, 1915.    See  also  U.  S.  Patent  1100717,  June  23, 1914, 
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carbons  to  provide  free  hydrogen  for  the  saturation  of  a  considerable 
proportion  of  the  remaining  hydrocarbons.  The  combined  use  of 
steam  and  catalyzers  has  been  attempted,  as  in  the  processes  patented 
by  Lamplough,"  Testelin,  and  Renard,*  New  Oil  Refining  Process 
(Ltd.);^  ^^Py  ^^d  Lucas,^  Noad,^  and  Shedlock  and  Optime  Motor 
Spirit  Syndicate  (Ltd.).^ 

AROMATIC  HnrDROCABBONS. 

PBEVIOnS  SOUBOBS  OF  8T7PPLY. 

The  chief  sources  of  aromatic  hydrocarbons  heretofore  have  been 
coal  tar,  water-gas  tar,  and  the  coal  gases  from  by-product  coke- 
oven  installations. 

From  these  different  sources  of  supply  the  aromatic  hydrocarbons 
are  recovered  as  by-products.  The  utilization  of  these  tars  dates 
from  the  discovery  by  Perkin  in  1856  of  the  first  anilin  dye.  Coal 
tar,  which  was  the  first  source  of  these  aromatic  compounds,  was 
once  considered  a  great  annoyance  in  the  gas  industry,  yet  the 
oompoxmds  obtainable  therefrom  have  rendered  it,  next  to  the  gas, 
the  most  valuable  of  all  the  products  obtained  by  the  distillation  of 
coal.  In  fact,  the  president  of  one  of  the  large  steel  companies 
recently  told  the  authors  that  because  of  the  condition  resulting 
from  the  European  war  the  value  of  by-products  obtained  from  the 
coke  oven  installation  operated  by  his  company  was  50  per  cent 
greater  than  the  value  of  the  coke.  In  other  words,  the  coke  had 
temporarily  become  the  by-product. 

Although  the  coal  tars  continue  to  be  one  of  the  chief  sources  of 
supply,  the  great  extent  to  which  carbureted  water  gas  has  replaced 
coal  gas,  particularly  in  the  United  States,  has  broiight  water-gas  tar 
into  prominence  as  an  important  source  of  supply. 

The  prejudice  that  previously  existed  against  the  aromatic  hydro- 
carbons derived  from  water^as  tar  is  largely  disappearing  as  the 
proper  method  of  utilizing  these  materials  is  becoming  better  under- 
stood. For  example,  it  was  formerly  maintained  that  toluene  from 
water-gas  tar  was  not  suitable  for  the  manufai:$tiire  of  trinitro- 
toluene. The  fact  that  to-day  it  is  being  used  for  this  purpose  in 
increasing  quantities  and  that  it  constitutes  one  of  the  important 
sources  of  supply  in  the  United  States,  shows  that  this  objection  no 
longer  exists. 

The  great  increase  in  the  number  of  by-product  coke-oven  plants 
in  operation  in  this  coimtry  makes  coal  gas  more  important  than 

a  Lamplough,  Frederick,  English  Patent  19702,  Aug.  28, 1912. 
h  Testelin,  Auguste,  and  Renard,  Georges,  English  Patent  16881,  Aug.  11, 1908. 

«  The  New  Oil  Refining  Process  (Ltd.),  and  Neflson,  R.  O.,  Encash  Patents  1S875,  June  27, 1908;  38460, 
Dec.  18, 1911;  20074,  20075,  Sept.  8, 1912. 
d  Valpy,  O.  H.,  and  Lucas,  O.  D.,  English  Patent  20470,  Sept  10, 1913. 
e  Noady  James,  U.  8.  Patent  971468,  Sept.  27, 1910. 
/  Shedlock,  J.  J.,  and  Optime  liotor  Spirit  Syndicate  (Ltd.),  En^ish  Patent  1878,  Jan.  28, 1914. 
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ooal  tar  as  a  potential  source  of  supply.  It  has  been  estimated 
that  a  high-grade  gas  coal  yields  approximately  1  per  cent  by  weight 
of  light  oil  when  the  gas  is  washed.  The  value  of  this  product  to-day 
is  nearly  20  per  cent  of  that  of  the  coal."  The  light  oil  obtained 
from  tar  represents  only  about  0.2  per  cent  of  the  coal. 

INDUSTRIAL  USES  OF  ABOMATIC  HYDBOCARBON8. 

The  importance  of  an  adequate  supply  of  aromatic  hydrocarbons, 
particularly  benzene,  toluene,  xylene,  anthracene,  and  naphthalene, 
has  been  brought  prominently  to  public  attention  during  the  past  few 
months  through  the  serious  handicap  that  the  European  war  has 
placed  on  American  textile  manufacturers  in  the  matter  of  pro- 
curing adequate  supplies  of  dyestuffs.  Attention  also  has  been 
directed  to  the  great  commercial  value  of  some  of  these  hydrocar- 
bons as  basic  material  in  the  manufacture  of  the  high  explosives 
now  in  general  demand  for  military  purposes*  The  industrial  impor- 
tance, however,  of  these  hydrocarbons  is  by  no  means  limited  to  the 
uses  mentioned,  as  the  aromatic  hydrocarbons  are  also  the  source 
of  chemicals  important  in  photography  and  of  valuable  medicinal 
preparations,  not  to  mention  creosote  oils,  solvents,  road  materials, 
etc.y  which  are  obtamed  in  the  course  of  their  refining.  Ten  crude 
compounds — ^benzene,  toluene,  carbolic  acid,  anthracene,  etc. — ^which 
are  extracted  from  the  light  oils  or  tars  by  well-known  distillation 
methods,  are  raw  materials  in  the  manufacture  of  approximately  300 
compounds  of  extensive  commercial  use.  Figure  1  shows  the  frac- 
tions of  average  coal  tar,  and  indicates  the  separations  by  distillation 
usually  made. 

CONSUMPTION  AND  IKPOBTS  OF  DTB  STUFFS. 

It  is  estimated  that  the  value  of  dyestuffs  annually  consumed  in 
the  United  States  alone  is  in  the  neighborhood  of  $15,000,000  a 
year,  of  which  about  $3,000,000  worth  is  supplied  by  domestic  pro- 
duction.^ Although  the  difference  is  perhaps  relatively  insignificant 
when  compared  with  figures  for  other  American  basic  industries,  it 
becomes  important  when  considered  in  the  light  of  affiliated  indus- 
tries that  are  largely  dependent  on  these  products.  It  is  furthermore 
an  interesting  fact  that  a  dozen  individual  dyes  compose  well  over 
75  per  cent  of  the  quantity  consumed  in  America. 

The  great  bulk  of  imported  dyestuffs  comes  from  Germany,  where 
the  coal-tar  chemical  industry  has  attained  its  greatest  development. 
In  the  fiscal  year  1914  approximately  $8,000,000  worth  of  dyestuffs 

•  Portv,  H.  C,  Coa14ar  prodacts  and  the  possiblUty  of  incnasliig  thoir  miinnfliffitnre  in  the  United 
States:  Tech.  Paper  80,  Bureau  of  Uinm,  1915,  p.  6. 

*  Porter,  H.  C,  Op.  dt.,  p.  6. 
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was  imported  from  foreign  countries,**  of  which  Germany  supplied 
nearly  $7,000,000  worth.  The  balance  of  the  imports  came  from 
Switzerland,  Great  Britain,  and  a  few  other  countries.  During 
the  same  year,  the  total  constunption  of  dyestuffs  throughout  the 
world  amoimted  to  over  $90,000,000,  of  which  Germany  furnished 
approximately  75  per  cent  and  in  addition  furnished  over  one-haU 
of  the  material  needed  to  make  up  the  balance. 

Germany  has  controlled  not  alone  the  American  dyestuff  market, 
but  also  the  dyestuff  markets  of  practically  the  entire  world.  Even 
such  countries  as  England  and  France,  with  highly  centralized  in- 
dustries and  large  production  of  the  crude  materials  necessary  for  the 
manufacture  of  dyestuffs,  have  been  dependent  on  Germany  for  their 
supphes. 

0APACIT7  OF    UNITED    STATES  TO  PBODUCE  DYESTI77F  BASES 

FBOH  COAL. 

The  potential  output  of  the  United  States,  owing  to  its  vast  coal 
resources  and  extensive  manufacturing  interests,  is  such  as  to  assure 
ample  supplies  of  the  crude  materials  necessary  for  the  manufacture 
of  dyestuffs,  provided  an  industry  be  established  capable  of  utilizing 
the  production.  During  the  year  1913,  for  example,  over  69,000,000 
tons  of  coal  was  coked  *  and  approximately  600,000,000  gallons  of 
oil  cracked  for  carbureting  water  gas.  On  the  basis  of  average  yields 
this  amoimt  of  coal  and  oil  was  capable  of  furnishing  approximately 
550,000,000  gallons  of  tar  and  120,000,000  gallons  of  light  oil* 
Such  quantities  of  raw  material  would  be  more  than  adequate  for 
the  production  of  greater  quantities  of  coal-tar  products  than  are 
used  in  this  country. 

In  the  years  1912  and  1913,  only  about  25  per  cent  of  the  total  quan- 
tity of  coke  produced  was  manufactured  in  by-product  ovens.**  The 
percentage  of  by-product  ovens  to  the  total  number  of  coke  ovens 
has  been  rather  largely  increased  since  then,  and  recently  a  large 
ntimber  of  new  by-product  plants  have  been  built  because  of  the  high 
prices  obtained  for  the  recoverable  products.  The  new  by-product 
plants,  which  were  in  the  process  of  erection  dxuing  the  early  part  of 
1915,  were  estimated  to  increase  the  output  of  hght  oils  approximately 
14,000,000  gallons  a  year,  so  that  it  is  probable  that  by-product  coke 
ovens  are  producing  to-day  nearly  50  per  cent  of  the  total  coke  manu- 
factured in  the  United  States.* 

•  Foreign  commftrce  and  navigation  of  the  United  States,  1914:  U.  S  Bureau  of  Foreign  and  Domestic 
Commerce,  1915,  p.  xrii. 

h  Parker,  £.  W.,  ICanufacture  of  coke  in  1913:  Mineral  Resources  U.  8.  for  1913,  U.  S.  QeoL  Survey, 
1914,  p.  471. 
«  Porter,  H.  C,  Op.  cit.,  p.  7. 

•  Porter,  H.  C,  Op.  cit.,  p.  7. 

•  Porter,  H.  C,  Unpublished  report. 
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ABVOBXAL  DBXAHD  FOB  BBNZBNX  AKD  TOLTTBNB  DtJBISra  1915. 

Due  to  the  European  war,  the  demand  for  benzene  and  toluene 
for  making  explosives  has  been  so  great  dining  1915  as  to  cause  the 
prices  for  these  hydrocarbons  to  increase  enormously.  Toluene,  for 
example,  which  normally  could  be  bought  for  less  than  25  cents  a 
gallon  has  netted  as  high  as  $8  and  $9  a  gallon.  Benzene,  which  under 
ordinary  conditions  is  worth  15  cents  a  gallon,  has  brought  as  high  as 
$1.50  a  gallon. 

Although  the  potential  production  of  the  aromatic  hydrocarbons 
from  coal  is  sufficient  to  satisfy  the  probable  demand  of  the  country 
for  years  to  come,  the  requisite  plants  have  not  yet  been  built,  and 
necessarily  some  time  must  elapse  before  they  can  be.  By-product 
coke  ovens  are  expensive  and  although  the  profits  to  be  derived 
from  them  are  considerable,  it  is  probable  that  the  primary  cost  of  con- 
struction will  make  the  extension  of  the  number  of  such  plants  a 
matter  of  progressive  growth  only.  The  fact  that  aromatic  hydro- 
carbons are  recovered  from  coal  tars  and  coke-oven  gases  purely  as 
by-products  makes  it  improbable  that  petroleum  can  compete  suc- 
cessfully as  a  permanent  source  of  supply.  The  advantage  in  the 
use  of 'petroleum  lies  in  the  fact  that  much  greater  yields  can  be 
obtained  per  unit  of  original  material.  Where  1  per  cent  by  weight 
of  light  oils  can  be  obtained  from  coal  gas  and  0. 1  and  0.2  per  cent  from 
coal  tar  on  the  basis  of  original  coal,  petroleum  has  been  proven  to 
yield  12  to  15  per  cent  and  more  of  the  lower  boiling  aromatic 
hydrocarbons  on  the  basis  of  original  volume.  For  example,  100 
gallons  of  oil,  worth  3  to  5  cents  a  gallon,  will  produce  6  gallons  of 
benzene,  6  gallons  of  toluene,  2^  gallons  of  xylene,  and  smaller 
quantities  of  naphthalene  and  anthracene.  Two  tons  of  coal,  worth 
approximately  the  same  amount,  will  produce  0.7  gallon  of  toluene, 
3  gallons  of  benzene,  and  0.35  gallon  of  xylene.^ 

The  much  smaller  cost  of  a  plant  producing  aromatic  hydrocarbons 
from  petroleum  as  compared  with  the  cost  of  a  by-product  plant, 
gives  petroleum  a  considerable  advantage  as  a  source  of  supply  for 
these  materials,  especially  when  there  is  an  excessive  demand  for 
these  products. 

The  demand  for  trinitrotoluene  by  the  warring  European  powers  has 
caused  the  price  of  toluene  in  the  United  States  to  soar,  although  only 
a  small  percentage  of  the  trinitrotoluene  used  has  come  from  this  coim- 
try.  It  is  evident,  therefore,  that  the  by-product  coke-oven  instal- 
lations and  carbureted  water-gas  plants  would  to-day  be  incapable  of 
supplying  the  toluene  that  would  be  needed  if  our  Nation  shoxdd  be 
called  on  to  go  to  war.    This  dearth  of  supply  would  continue  to 

•  Puning,  Fruu,  Bisxuol,  how  It  la  recovered  from  ooal  gas:  Iroa  Trade  Ber.,  vtL  63, 101S,pp.  82&-632» 
653;  Wagner,  F.  H.,  Coal-gas  residuals,  1914,  p.  123. 
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exist  without  such  a  process  as  that  described  herein,  as  by-product 
plants  could  not  be  constructed  quickly  enough  to  meet  the  Nation's 
needs.  Therefore,  the  successful  large-scale  development  of  such 
process  is  a  source  of  national  security,  as  in  view  of  our  extensive 
petroleum  resources,  the  United  States  could  be  independent  of  the 
world  for  our  supplies  of  the  aromatic  bases  for  the  most  efficient 
military  explosives. 

BABLY  EFF0BT8  TO  OBTAIN  ABOMATIC  HYDBOCABBON8  FBOH 

FETBOLBT7M. 

It  has  long  been  known  that  aromatic  hydrocarbons  could  be 
obtained  from  petroleum.  As  early  as  1877,  according  to  Veith,^ 
Letny^  obtained  a  patent  for  producing  aromatic  hydrocarbons 
from  petroleimi  and  on  that  accoimt  is  regarded  as  the  first  experi- 
mentor  to  obtain  these  products  from  that  source.  After  Letny, 
liebermann  and  Bui^,^  Salzmann  and  Wichelhaus,^  and  lissenko  ^ 
investigated  the  obtaining  of  aromatic  hydrocarbons  from  petroleum 
residues  at  high  temperatures.-^ 

The  presence  of  benzene  and  its  homologues  in  crude  petroleum 
was  established  at  an  early  date.  Prior  to  1880  La  Rue  and  Miller 
had  obtained  evidence  of  their  presence  in  a  nimiber  of  crude  oils.^ 
Benzene  has  been  f  oimd  in  Oalician  distillates  by  Pawlewski,^  Lach- 
owicz,'  and  others;  in  Baku  crude  oil  by  Markownikoff,^  in  crude 
oil  from  Tiflis  by  Beilstein  and  Kurbatoff;  in  Rangoon  oil  by  La 
Rue  and  Miller,  in  Roumanian  oil  by  Foui,*  and  in  Canadian  crude 
by  Schorlemmer.  Toluene  was  also  found  in  the  same  oils  by 
the  same  investigators.  The  proportions  of  these  aromatics  in 
crude  oils  are,  however,  small,  being  only  fractions  of  a  per  cent. 
For  example,  Pawlewski  reports  having  found  0.4  per  cent  in  Galician 

•  Veith,  Alexander,  Oewimnuig  aromatJscher  KOrper  aus  den  Rflckst&nden:  (Bolley  and  liViedemami, 
Handboch  der  cbemsche  Technologie  Erdffl)  1862,  p.  435;  See  also  Lctny,  Alexander,  Ueber  die  EInwir- 
knng  hohor  Temperator  auf  Petroleum,  Braunkdhlentheer  and  andere  &hnllche  Stoffe:  DlngL  poly. 
Jour.,  Bd.  239, 1878,  pp.  353-365. 

*  Letny,  Alexander,  Ueber  die  Zersetnmg  des  Petroleums  und  des  Braunkcdilentheeis  durch  Ueber- 
hitien:  Ber.  Dent.  chem.  QeselL,  Jahrg.  11, 1878,  pp.  1210-1212;  Decompositian  of  petroleum  and  lignite 
tar  by  superheating:  ChenL  News,  vol.  38, 1878,  p.  211. 

c  Liebermann,  C,  and  Burg,  O.,  Ueber  die  Zersetcung  des  BraunkohlentbeerSls  in  der  Olflhhitie:  Ber. 
Dent,  cfaem.  OeselL,  Jahrg.  11, 1878,  pp.  723-726. 

4  Hftigmann^  ]{.,  and  Wichelbaus,  H.,  Ueber  die  Herstellnng  von  Benxol  aus  BraunkohlentheerOl:  Ber. 
Beat.  chem.  Geaell.,  Jahrg.  11, 1878,  pp.  802, 1431-1434. 

<  Lissenko,  K.,  Zersetxung  des  ErdSles  beim  Erhitzen:   Dinj^  poly.  Jour.,  Bd.  266,  1887,  p.  226. 

/  See  Beilstein,  F.  K.,  On  formation  of  beniene  when  petroleum  is  passed  through  a  hot  tube:  Handbuch 
der  organ.  Chemie,  Auflag.  3,  Bd.  2, 1S96,  p.  22. 

9  Petroleum:  Encyc.  of  Chemistry,  Lippinoott,  1880. 

h  Pawlewski,  B.,  Ueber  das  Vorkommen  des  Paraxylols  im  galixiBchen  Petroleum:  Ber.  deut.  chem. 
GeseU.,  Jahrg.  18, 1885,  pp.  1915, 1910. 

i  Ladiowicx,  B.,  t^eber  die  BeetandtheUe  des  galijdscfaen  Petroleums:  Liebig's  Annalen,  Bd.  220, 
1883,  pp.  188-206. 

/  Karkownikoir,  W.,  and  Spady,  J.,  Zur  Konstitution  der  Kohlenwasserstofle  Ca  H^  des  kankassis- 
dien  Petroleums:  Ber.  Deut.  chem.  OeselL,  Jahrg.  20,  Bd.  2, 1887,  pp.  1850-1853. 

ft  Poui,  P.,  R^eherehes  sur  la  oompcsitian  chemique  des  petroles  roumains:  Ann.  ScL  Univ.,  t.  2, 1903, 
PP.6&-80. 
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oil.  Manifestly,  it  would  not  pay  to  attempt  to  extract  these  small 
proportions  from  the  oil  by  distillation  methods.  Furthermore, 
investigation  has  proven  the  lower  aromatic  hydrocarbons,  ben- 
zene and  toluene,  to  be  almost  entirely  absent  from  American 
crude  oils,  although  appreciable  amounts  of  aromatic  hydrocarbons 
of  higher  molecular  weight  are  present,  particularly  in  oils  of 
asphaltic  base. 

The  existence  of  heavier  aromatics  in  a  natural  state  in  certain 
oils,  particularly  Russian,  Roumanian,  Calif  omian,  and  Japanese  oils, 
has  led  a  number  of  experimenters  to  attempt  to  devise  methods 
whereby  the  yields  of  hydrocarbons  of  this  series  can  be  greatly  in- 
creased from  such  oils.  Probably  the  most  work  in  this  field  has 
been  done  with  Russian  and  Roumanian  oils,  because  of  the  peculiarly 
favorable  nature  of  these  oils  by  reason  of  their  content  of  hydro- 
carbons of  the  naphthene  type.  It  is  well  known  to  chemists  that 
hexahydrobenzene,  for  example,  will  readily  split  off  six  hydrogen 
atoms  and  leave  benzene.  This  dehydrogenation  process  is  relatively 
simple  and  is  described  in  most  textbooks  of  oi^anic  chemistry. 
The  character  of  the  reaction  involved  in  making  aromatic  hydro- 
carbons from  hydrocarbons  of  the  naphthene  type,  involving  a  simple 
splitting  off  of  hydrogen,  must  not  be  confused  with  that  involved 
in  making  aromatic  hydrocarbons  from  those  American  petroleums 
that  contain  practically  no  naphthene  hydrocarbons. 

PBOCE8SE8  PATENTED  FOB  PBODTTCniON  OF  ABOMATIO  HYDBO- 

CABBON8  FBOM  FETBOLBXnC. 

The  method  devised  by  Letny  *  involved  the  passage  of  petroleum 
residues  obtained  from  Baku  crudes  through  a  highly  heated  hori- 
zontal retort,  7  feet  long  and  1  inch  in  diameter,  filled  with  wood 
charcoal.  The  residues  were  allowed  to  flow  through  the  tubes, 
which  were  heated  to  approximately  700°  to  800°  C,  the  vapors 
coming  from  the  tubes  passing  to  a  condenser.  The  claim  was  made 
that  50  to  60  per  cent  of  gas  and  40  to  50  per  cent  of  tar  was  obtained. 
The  tar,  on  distillation,  gave  some  17  per  cent  benzene,  0.4  per  cent 
anthracene,  and  7  per  cent  naphthalene.  The  oil  was  fed  in  slowly, 
as  Letny  considered  it  essential  that  a  comparatively  great  heating 
surface  be  exposed. 

Armstrong  and  Miller  *  reported  that  their  experiments  had  shown 
that  the  liquid  formed  during  the  decomposition  of  petroleum  gases 
contained  a  mixture  of  hydrocarbons  of  the  CuB^n  —  i  series.     The 

•  Letny,  Alexander,  Ueber  die  Zersetzuig  des  Petroleums  und  des  Braonkohlentheers  dorch  Ueber* 
liltzen:  Ber.  Deut.  chem.  Oesell.,  Jahrg.  11, 1878,  pp.  1210-1212;  Decomposition  of  petroleum  and  lignite 
tar  by  superheating:  Chem.  News,  vol.  38, 1878,  p.  211. 

h  Armstrong,  H.  E.,  and  Miller,  A.  K.,  On  the  decomposition  and  genesis  of  hydrocarbons  at  high  tem- 
peratures; The  products  of  manufeusture  of  gas  from  petroleum:  Chem.  News,  voL  51,  June  26, 1885,  ppw 
807-309. 
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liquid  was  rich  in  benzene  and  toluene  and  showed  a  trace  of  the 
higher  aromatic  compounds.  They  advanced  the  theory  that  the 
aromatic  hydrocarbons  are  products  in  direct  line  with  the  para£Bns, 
and  are  not  built  up  from  the  acetylene  series. 

As  previously  pointed  out,  aromatic  hydrocarbons  have  been  found 
to  exist  in  Russian  and  Roumanian  oils;  also  considerable  percentages 
of  naphthene  hydrocarbons,  which  are  similar  in  structure  to  the 
benzene  hydrocarbons.  These  naphthenes  were  contained  more 
lai^ely  in  the  residuimi  than  in  the  crude  oil,  and  as  a  result  most 
of  the  early  investigators  worked  with  the  residual  products. 

In  1889  Intschik^  patented  a  process  for  the  manufacture  of  ben- 
zene and  toluene,  in  which  Russian  petroleum  residues  are  dropped 
into  a  highly  heated  vertical  chamber  where  the  oil  is  volatilized 
and  the  vapors  decomposed.  The  fixed  gases  and  vapors  are  drawn 
off  and  fractionally  condensed.  ^ 

During  the  early  eighties,  when  the  demand  for  benzene  was  high 
and  the  supply  insufficient  to  meet  the  needs  of  the  market,  Nobel 
Brothers,  Liebermann  and  Burg,  ^  and  Salzmann  and  Wichelhaus^ 
investigated  the  possibihties  of  obtaining  aromatic  hydrocarbons 
from  petroleum  residues  and  are  reported  to  have  obtained  excellent 
results. 

liebermann^  reported  in  1888  that  the  Nobel  brothers  were 
erecting  a  factory  in  the  Baku  field  for  the  purpose  of  manufacturing 
aromatic  hydrocarbons  from  petroleum  residues. 

Hlawaty,^  in  1888,  patented  a  process  by  means  of  which  he 
claimed  to  obtain  rich  mixtures  of  benzene  and  its  homologues, 
through  the  action  of  highly  heated  steam,  or  ethylene,  methyl- 
ethylene,  or  alcohol  on  petroleum  residues,  the  mixed  vapors  being 
passed  through  red-hot  tubes  filled  with  charcoal  and  wood  turnings. 

A  patent  with  the  same  object  in  view,  granted  to  Dvorkovitz-^ 
in  1892  proposes  to  decompose  steam  passed  into  a  gasifier  in  which 
the  liquid  hydrocarbon  is  vaporized.  The  water  gas  is  there  car- 
bureted and  passed  into  a  condensing  chamber  where  the  benzene, 
toluene,  and  other  aromatic  compoimds  are  separated. 

A  later  patent  issued  to  Dvorkovitz  9  states  that  the  liquid  hydro- 
carbon flows  through  a  series  of  retorts  in  which  the  liquid  is  pro- 

a  Intschik,  — ,  Russian  Patent  issued  in  1889. 

h  Liebermann,  C,  and  Burg,  O.,  Uober  die  Zersetsung  des  BraunkohlentheerOb  In  der  OlQhhitce:  Ber. 
Dent.  chem.  Oesell.,  Jahrg.  11, 1878,  pp.  723-726. 

c  Salzmann,  M.,  and  Wichelhaus,  H.,  Ueber  die  HersteUung  von  Bensol  aus  BraonkoblentheerOl:  Ber. 
Beat.  chem.  Oesell.,  Jahrg.  11, 1878,  pp.  802, 1431-1434. 

'  Liebermann,  C,  Neue  Oewinnungsmethode  von  Bensol,  Naphtalin,  und  Anthraoen:  Dlngl.  Poly. 
Joor.,  Bd.  246, 1882,  pp.  429-432. 

<  Hlawaty,  Faustin,  German  Patent  51553,  Aug.  11, 1888. 

/  Drorkoyitz,  Paul,  English  Patent  21647,  Nov.  26, 1892;  also,  Dvorkovitz,  Paul,  The  distillation,  crack- 
ing, and  gasification  of  petroleum  hydrocarbons:  Petroleum  Rev.,  voL  17,  Sept.  28,  1907,  pp.  176-179; 
Gasification  of  coal  and  liquid  hydrocarbons:  Jour.  8oc.  Chem.  Ind.,  vol.  12,  May  31, 1803,  pp.  403-412. 

g  Dvorkovitz,  Paul,  EngUah  Patent  23671,  Dec.  5, 1894. 
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gressively  subjected  to  temperatures  ranging  from  300^  to  1,000^  C. 
The  retorts,  which  are  wide  but  shallow,  are  inversely  inclined  so 
that  the  lower  end  of  each  retort  communicates  with  the  upper  end 
of  the  retort  below  it.  The  vapors  from  the  lower  retort  are  then 
passed  to  a  condenser. 

Nikiforoff ,^  who  has  long  been  one  of  the  most  noted  and  brilliant 
workers  in  this  field,  has  patented  a  process  for  benzene-toluene 
manufacture  involving  two^tage  decomposition  under  varying  condi- 
tions. The  crude  oil  is  fed  into  a  series  of  decomposition  retorts, 
the  course  of  the  liquid  being  obstructed  by  baffle  plates  so  as  to 
prolong  the  action  of  the  heat.  A  temperature  of  500^  to  525^  C. 
is  maintained  without  pressure.  The  vapors  pass  through  these 
retorts  to  a  separating  tank  maintained  at  a  temperature  of  200^  to 
250^  C,  where  the  heavier  products  are  condensed.  The  more 
volatile  products  (products  boiling  at  less  than  200^  C.)?  which 
remain  uncondensed  at  that  temperature,  are  then  conducted  to  a 
separate  retort  where  they  are  subjected  to  a  temperature  of  900^ 
to  1,000^  C.  and  to  a  pressure  of  about  2  atmospheres  (30  pounds 
per  square  inch). 

In  a  later  patent  Nikif  oroff  ^  proposes  to  obtain  aromatic  hydrocar- 
bons by  the  coking  of  naphtha  in  a  metallic  retort  provided  with 
troughs  along  which  the  naphtha  flows,  the  hydrocarbon  vapors  given 
off  below  200^  C.  to  be  used  in  carbureting  water  gas.  Air  is  blown 
through  heated  coke  or  anthracite  to  obtain  a  generator  gas.  Super- 
heated steam  is  blown  into  the  generator  gas  to  obtain  a  water  gas. 
The  water  gas  is  then  carbureted  with  the  decomposition  products 
of  the  naphtha.  The  heated  water  gas  and  hydrocarbon  vapors  are 
placed  under  a  pressing  of  not  less  than  1  atmosphere  (15  pounds  per 
square  inch.)  The  gas  and  vapors  are  passed  through  a  washing 
apparatus,  where  the  water  and  heavier  hydrocarbons  are  collected, 
and  the  gas  and  vaporous  hydrocarbons  boiling  under  200^  C.  pass 
on  to  a  condenser,  which  separates  the  liquid  aromatic  products  and 
allows  the  gas  to  pass  on  to  a  collector. 

In  1897,  Famfilow  ^  was  granted  a  patent '  for  a  process  involving 
the  passage  of  petroleum  residues  through  a  preheater  into  a  vapori- 
zer, and  then  into  a  coil  of  many  turns  and  great  length,  where  the 
vapors  are  exposed,  to  gradually  increasing  temperatures.  He  claims 
the  production  of  a  tar,  consisting  almost  exclusively  of  aromatic 
hydrocarbons,  which  upon  distillation  gives  16  per  cent  benzene,  1 
per  cent  naphthalene,  and  0.5  per  cent  anthracene  on  the  basis  of  the 
original  oil. 


a  Niklforofl,  Alexander,  Russian  Patent  290,  Dec.  31,  1894;  German  Patent  86,  Mar.  12,  1S05;  Fnodi 
Patent  315428,  Oct.  29, 1901;  English  Patent  10657,  Aug.  27, 1888;  U.  S.  Patent  765309,  ICar.  22,  19D4. 

ft  NIkiforoff,  Alexander,  English  Patent  17450,  July  30, 1907. 

e  Pamfllow,  S.  li.,  (Hwinnung  von  Leuchtgaa  and  aiomatisohein  KohlaawBBserBtoflen  aos  Eidfll:  Gbem. 
Ztg.,  Jahrg.  21,  Bd.  2, 1897,  p.  1069. 

*  Ruadan  Patent  322,  Sept  13, 1897. 
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Zelinsky  ^  and  Ogloblin  ^  report  the  obtaining  of  excellent  results 
by  Nikif orofiF's  process.  The  former,  however,  employed  the  method 
only  on  a  small  scale,  treatmg  several  liters  of  petroleum  a  day. 
They  report  having  been  able  to  obtain  a  fraction  boiling  between 
75^  and  180^  C,  which  represented  14.1  per  cent  of  the  original  oil, 
and  contained  58  per  cent  of  benzene  and  28  per  cent  of  toluene. 

Hausman  and  Pilat^  proposed  a  process  for  producing  aromatic 
hydrocarbons  that  involves  the  introduction  of  ''naphtha  hydrocar- 
bons" in  a  vaporized  form  into  heated  tubes  placed  at  a  slight 
inclination  in  a  long  combustion  furnace,  such  tubes  being  filled  with 
any  suitable  catalytically  active  material,  such  as  oxides  of  lead, 
manganese,  etc.  Air  or  superheated  steam  is  forced  into  the  tubes 
by  means  of  a  pimip,  so  that  the  free  hydrogen  from  the  hydrocar- 
bons and  the  oxygen  from  the  air  or  steam  may  unite. 

Holcgreber,'  in  a  late  patent,  proposes  to  pass  petroleum  in  the 
form  of  vapor,  together  with  an  excess  of  pure  hydrogen,  through 
pipes  filled  with  suitable  catalytic  agents,  such  as  iron,  copper, 
nickel,  or  cobalt.  The  catalytic  agents  are  used  alone  or  mixed  with 
an  inert  material  such  as  asbestos.  The  tubes  are  kept  at  a  temper- 
ature of  180^  to  300^  C. 

Another  recent  patent  along  somewhat  different  lines  is  that 
granted  to  Starke  ^  for  the  production  of  benzene  and  its  homologues 
from  petroleums,  particularly  Japanese  and  California  petroleums. 
The  petroleum  distillate  containing  the  benzene  and  its  homologues 
is  mixed  with  concentrated  sulphuric  add,  which  is  heated  and 
agitated  until  the  evolution  of  sulphur  dioxide  has  ceased.  The 
mass  is  then  allowed  to  settle  until  the  sulphonic  acids  have  sepa- 
rated from  the  petroleimi,  and  the  benzene  is  then  recovered  by 
ordinary  distillation. 

Other  processes  of  the  same  type  as  that  last  mentioned  are  those 
patented  by  the  Disconto  Gesellschaft  ^  in  Berlin  and  by  Tammann.^ 

Testelin  and  Renard  ^  and  Meffert  *  propose  to  use  a  mixture  of 
superheated  steam  and  oil,  which  is  then  highly  heated,  to  produce 
aromatic  hydrocarbons.  Testelin  and  Renard  pass  the  mixture  over 
a  layer  of  red-hot  clay,  whereas  Meffert  heats  the  mixture  in  refractory 
retorts  to  a  temperature  of  1,200**  to  1,400°  C.  Neither  process 
employs  pressure.  In  fact  Testelin  and  Renard  claim  that  the  use 
of  pressure  is  prejudicial. 

•ZeUnaky,  N.  D.,  Vartng  fiber  die  DantelltmK  aionwthriher  KohkowasBentofle  sua  dem  ErdOl  (Prep- 
aniian  of  aromatio  hydrocarbons  ftt>m  petroleum):  Chem.  Ztg.,  Jahrg.  36,  Bd.  1, 1902,  p.  68;  Jour.  Soo. 
Chem.  Ind.,  vol.  21,  Feb  16, 1902,  p.  166. 

*  Ogloblin,  W.  N.,  Die  DantoUung  von  Benxol  und  seiner  HomoIogeQ  aos  rusBisdkein  Naphta  nacb 
Verfahren  Ton  A.  N.  Nfldforofl:  Chem.  Central-Blatt.,  Jahrg.,  76  Bd.  2, 1904,  p.  830. 

«  Hausman,  Joachim,  and  Pilat,  Stanislaus,  German  Patent  237178,  April  1, 1909. 

tf  Holcgfeber,  Jean,  Engliah  Patent  17272,  July  28, 1913. 

«  Starke,  E.  A,  U.  S.  Patent  913780,  Mar.  2, 1900.  See  abo  U.  8.  Patent  1109187,  Sept.  1, 1914. 

/  Dlsoonto^^eseUscbaft  in  Berlin,  Qerman  Patent  216459,  May  23, 1908. 

9  Tammann,  Oustar,  German  Patent  95579,  Mar.  3, 1807. 

&  Testelin,  Auguste,  and  Renard,  Georges,  German  Patent  268176,  Aug.  11, 1906. 

<  Meffert,  Friedrich,  Gennan  Patent  90254,  Mar.  13, 1897. 
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References  to  a  nmnber  of  processes  for  benzene-toluene  production 
not  herein  reviewed  are  contained  in  the  bibliography  at  the  end  of 
this  report.  Those  processes  particularly  mentioned  here  indicate 
sufficiently  the  prior  development  of  the  art,  and  the  lines  along 
which  the  problem  has  been  approached. 

The  processes  reviewed  are  primarily  adapted  to  and  dependent 
on  the  use  of  oils  that  are  o/  a  highly  favorable  character,  and  in 
connection  with  which  the  reaction  necessary  for  benzene-toluene 
production  is  comparatively  simple.  In  other  words,  the  oils  used 
were  of  the  special  varieties  most  favorable  for  the  production  of 
aromatic  hydrocarbons.  Either  they  contained  the  polycyclic 
(asphaltic)  compoimds  that  decompose  on  simplesplittinginto benzene 
and  its  homologues,  or  else  naphthenes  were  present,  whioh  yield 
aromatic  hydrocarbons  through  the  simplest  sort  of  dehydrogenation. 
Practically  all  of  these  prior  processes  are  operated  at  atmospheric 
pressure,  indicating  the  simpUcity  of  reaction  involved,  as  compared 
with  the  production  of  the  low-boiling  aromatic  compoimds  from  oils 
in  which  naphthenes  and  aromatics  do  not  naturally  occur,  as  accom- 
plished by  the  process  described  later.  The  difference  is  that  between 
a  relatively  simple  alteration  and  an  extensive  and  complex  rearrange- 
ment. 

In  none  of  the  descriptions  of  these  prior  processes  is  there  the 
slightest  mention  of  their  availability  for  transforming  hydrocarbons 
of  the  paraffin  type  into  aromatic  hydrocarbons,  which  is  one  of  the 
characteristic  advantages  of  the  process  discussed  later.  Otherwise 
stated,  none  of  these  processes  is  suitable  for  all  types  of  oil. 
Although,  as  has  been  previously  pointed  out,  it  has  long  been  known 
that  benzene  may  be  formed  by  the  passing  of  petroleum  at  atmos- 
pheric pressure  through  a  red-hot  tube,**  the  quantities  of  benzene 
thus  obtained  are  relatively  small  as  compared  with  the  quantities  of 
by-products  of  little  or  no  value,  so  that  such  processes,  so  far  as  is 
known,  have  not  succeeded  in  industrial  operations.  This  fact  is 
pointed  out  by  Hausman  and  Pilat,^  and  others. 

THEORIES  OF  FORKATION  OF  ABOMATIC  HYDBOCABBON8. 

In  regard  to  the  various  theories  concerning  the  character  of  reac- 
tion involved  in  producing  aromatic  hydrocarbons  from  petroleum 
hydrocarbons,  as  exemplified  in  processes  of  the  type  reviewed,  there 
seems  to  be  considerable  difference  of  opinion.  The  three  views  most 
commonly  discussed,  which  are  probably  all  measurably  correct, 
depending  on  the  type  of  oil  used  and  the  conditions  of  time,  temper- 
ature, and  pressure  in  the  reacting  zone,  are: 

a  Bellsteln,  F.  K.^  Handbuch  dor  organischer  Chemle,  Auflage  3,  Bd.  2,  p.  22. 
»  Hausman,  Joachim,  and  Pilat^  Stanislaiis,  Qennan  Patent  2m7S,  Apr.  1, 1900. 
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(1)  That  there  is  a  splitting  oflP  of  cyclic  nuclei;  * 

(2)  That  polymerization  of  ethylene  and  acetylene  hydrocarbons 
occurs;* 

(3)  That  dehydrogenation  of  naphthenes  occurs.^ 

OBJECT  AND  SCOPE  OF  BUEEAU'S  EXPEBDHENTS  WITH  CRACKING 

FBOCESSES. 

The  experimental  work  that  resiilted  in  the  discovery  of  the  proc- 
esses described  in  this  report  was  undertak^i  for  the  purpose  of 
studying  the  reactions  that  occur  in  the  cracking  of  liquid  hydro- 
carbon mixtures. 

The  object  of  the  bureau's  experimental  work,  broadly  stated,  was 
to  determine  the  effect  of  various  combinations  of  temperature  and 
pressure  on  the  course  of  the  cracking  reaction,  and  to  determine,  if 
possible,  the  most  favorable  conditions  for  the  rnaaimum  yields  of  the 
various  desired  cracked  products ^  such  as  gas,  gasoline,  and  low-boiling 
aromatic  hydrocarbons. 

The  first  phase  of  the  work  dealt  with  the  production  of  ethylene 
hydrocarbons  used  in  carbureting  water  gas.^  In  the  production 
of  carbureted  water  gas,  petrolemn  distillates  are  commonly  em- 
ployed to  increase  the  illimiinating  power  of  the  product,  and  the 
increasing  cost  of  ''gas  oils''  has  been  a  serious  handicap  to  the 
continued  existence  of  the  carbureted  water-gas  industry. 

Four  to  five  gallons  of  oil  is  required  per  1,000  cubic  feet  of  car- 
bureted gas  produced.  Consequently  the  addition  of  1  cent  per 
gallon  at  once  becomes  a  serious  matter  to  gas  works,  particidarly 
in  view  of  the  fact  that  the  numerous  cracking  processes  for  the 
production  of  gasoline  will  require  the  use  of  gas  oil  as  the  basic 
material,  thereby  greatly  broadening  the  market  for  the  latter,  with 
resulting  higher  cost.  Furthermore  asphaltic  distillates  are  not  par- 
ticularly desirable  for  use  in  carbureting  gases.  In  fact  the  problem 
has  become  so  serious  that  many  gas  men  strongly  favor  coal-gas 
processes  despite  the  fact  that  75  per  cent  of  the  artificial  gas  pro- 
duced in  America  to-day  is  carbureted  water  gas. 

In  the  course  of  the  experiments  it  was  f oimd  that  highly  favorable 
conditions  were  obtained  by  having  relatively  high  temperatures  and 
low  pressure  in  the  cracking  zone.  The  influence  of  pressure  is 
clearly  illustrated  by  the  data  in  Table  1  following  and  by  the  curves 
shown  in  figures  2  to  5. 

a  Brooks,  B.  T.,  Baoon,  R.  F.,  and  others,  The  preparation  of  gasoline  and  kerosene  from  heavier  hydro- 
oarbons:  Jour.  Ind.  and  Eng.  Chem.,  voL  7,  Mar.,  1915,  p.  180;  Lewes,  V.  B.,  The  production  of  oQ-gaa 
from  Russian  petroleum:  Jour.  Soc.  Chem.  Ind.,  yoL  11,  July  30, 1802,  pp.  684-^S90. 

k  Ipatiew,  W.,  Polymerisation  der  Athylen-Kohlenwasserstolle  bel  hohen  Temperaturen  und  Drucken: 
Ber.  Deut.  chem.  Oesell.,  Jahrg.  44,  Bd.  3, 1911,  pp.  2978>2987;  Meyer,  Richard,  Pyrogene  Acetylen-Kon- 
densotkmen:  Ber.  Deut.  chem.  Oesell.,  Jahrg.  45,  Bd.  2, 1912,  pp.  iei09-1633. 

e  Bellstein,  F.  K.,  Loo.  cit.;  Lewes,  V.  B.,  Loc.  cit. 

d  Whitaker,  M.  C,  and  Rlttman,  W.  F.,  Thermal  reactions  in  carburetbig  water  gas:  Jour.  Ind.  and 
Eng.  Chem.,  vol.  6, 1914,  pp.  383-382, 472-479;  Jour.  Boc^  Chem.  Ind.,  vol.  33,  July  15, 1914,  p.  682. 
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Table  1. — RenUU  of  cradnng  oil  under  presiures  of  S  aimo9pkeret  to  about  one- 
thirtieth  of  an  alvnoiphere,  ahomng  effect  o/varioui  pressures  on  gas  formation. 


Temper- 
ature. 

onuaed. 

Absohite 
preasure. 

Oerbon. 

Tk. 

Qis. 

mam- 

ilMlltS. 

ICethane. 
(CBU). 

Ethane 

Hydro- 
sen. 

(h5. 

•c. 

C.  e. 

Pfmndt, 

Onm». 

C.e. 

LUen. 

Per  tent. 

PereaU, 

PercenL 

P<reaitf. 

ftSO 

400 

45 

8 

133 

145 

30.5 

45.1 

U.5 

9.3 

750 

400 

45 

ae 

87 

194 

15.5 

56.6 

6.1 

17.5 

900 

400 

45 

Atmot' 
phere. 

165 

0 

810 

6.0 

41.6 

None. 

50.0 

ftSO 

400 

I 

8 

163 

135 

43.6 

83. 7 

ia2 

9.1 

750 

400 

1 

18 

80 

306 

30.6 

41.1 

4.9 

19.2 

900 

40O 

1 

115 

11 

382 

13.1 

46.7 

None. 

88.6 
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1 
8 
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56.1 
52.9 

12.5 
15.6 

20.5 

8.4 
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3 

60 

234 

52.1 

24.0 

1.3 

17.3 
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13 

58 
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27.0 
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pioportlona  of  flxNl  gasaa,  caition,  tar,  and  CH4 
from  oils  cracked  at  750*  C 


FiGUBB  2.~Carve8  showing  effects  of  pressure  on 
proportions  of  illuminants,  Hi,  and  CaHt  from  oils 
cracked  at  750*  C. 


In  this  research  qualitative  data 
were  obtained  showing  the  marked 
ii^fluence  of  the  presence  of  different  end-product  gases  on  th^  Q^t^^-^ 
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ing  of  oil.     The  results  are  shown  in  Table  2  following, 
diminution  of  added  hydrogen  should  be  noted. 
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The  actual 
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FiouBE  4.— Curves  showing  effects  of  pressure  on  proiwr- 
tlons  of  lllumlnants,  Hi,  and  CtHe  from  oils  cracked  at 
a  temperature  of  900"*  C. 
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FiouBK  5.~Curves  showing  effects  of  pressure  on  propor- 
tions of  fixed  gases,  carbon,  tar,  and  CHi,  from  oils 
cracked  at  900"  C. 


Tablb  2. — Results  of  cracking  oil  in  an  atmosphere  of  hydrogen,  showing  effect  on  gas 

formation  {compare  with  Table  1). 


Temper- 
ature. 

Absolute 
pressure. 

Quantity 
of  oil 
used. 

Admixed 
hydro- 
gen. 

Ethane 
(CtHe). 

Methane 
(cHi). 

Illnml- 
nants. 

Residual 
hydro- 
gen (Us). 

Shrink- 
age  In 
hydro- 
gen. 

•a 

750 
800 
750 
810 
860 
900 
960 

Pounds. 
15.0 
15.0 
0.75 
.    0.75 
0.75 
0.75 
0.75 

C.e. 
400 
400 
400 
400 
400 
400 
400 

Liters. 
358 
413 
400 
413 
388 
292 
382 

Liters. 

15.4 

18.0 

9.5 

Liters. 
125.0 
116.0 
52.0 
86.5 
99.5 
92.0 
95.0 

Percent. 
70.0 
83.2 
112.0 
140.0 
133.0 
120.0 
113.0 

Liters. 
308 
335 
381 
378 
350 
272 
348 

Liters. 
50 
77 
19 
35 
38 
20 
34 

17W5"— 1^ 
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A  summation  of  the  results  obtained  in  this  first  stage  of  the  in- 
vestigation of  the  general  problem  is  shown  in  Table  3  and  in  figures 
6  and  7 

Table  3. — Summary  of  remdU  of  oil-cracking  experiments^  khowing  effect  of  varying 
temperatures  and  pressures  and  of  admixtures  of  hydrogen  on  gas  formatwm^  {See 
Tables  landt.) 

(All  resnlte  baaed  on  400  o.  o.  of  ofland  oalcolated  to  0*  C.  i^  760  mm.  preHore.] 

ATMOSPHERIC-PRESSXniE  GROUP. 


Funiaoeoondi- 
tion& 

Reaction  prodncts. 

Hydro- 
ad- 

Hydro- 
sen 

aca. 

Tem- 
per- 
ature. 

Preflsore 

per 
square 

Inoh. 

Oae. 

Oarbon. 

Tar. 

niumi- 
nante. 

Meth- 
ane 
(CHO. 

Ethane 
(CiH«). 

Hydro- 

ceD 

(H«). 

•c. 

650 
750 
900 

Paunit. 
15.0 
15.0 
15.0 

Liters. 
135 
206 
382 

Oranu. 

3 

18 

115 

C.e. 
163 
80 
11 

LUer9. 
68.8 
63.0 

5ao 

LUer9. 

45.6 

84.6 

178.1 

LUen. 
13.8 
10.16 

Trace. 

Literg. 

12.1 

38.6 

148.2 

Xitert. 

LUen. 

mOH-PRESSXmE  GROUP. 


650 
750 
900 

45.0 
45.0 
45.0 

146 
194 
310 

8 

36 

165 

133 

87 

9 

443 
30.1 
15.5 

65.2 
110.0 
128.9 

16.7 

11.8 

None. 

13.1 

33.9 

155.0 

LOW-PRESSURE  GROUP. 


750 
850 
900 

950 

a  75 

.75 
.75 
.75 

146 
211 
234 
235 

1 
3 
3 

12 

153 

100 
60 
68 

82L0 
115.5 
122.0 
110.0 

18.3 
32.9 
40.0 
4&8 

43.2 
56.0 
63.4 

7.16 

3.00 

Trace. 

ADIOXED-GAS  GROUP. 


750 
800 
750 
810 
8G0 
900 
050 

15.0 
15.0 
1.0 
1.0 
1.0 
1.0 
1.0 

70.6 
83.2 
112.0 
140.0 
133.0 
120.0 
113.0 

125.0 
116.0 
52.0 
86.5 
99.5 
92.0 
95.0 

15.4 

18.0 

9.5 

308.0 
335.0 
881.0 
37&0 
350.0 
272.0 
348.0 

358 
412 
400 
413 
388 
292 
882 

50 
77 
19 
85 
38 
90 
34 

■ 

This  work,  dealing  with  the  field  of  oil-gas  production,  constituted 
a  first  step  of  the  study  of  the  cracking  reactions  for  the  production 
of  g^>  gasoline,  aromatic  hydrocarbons,  and  other  products.  Ac- 
knowledgment is  due  to  Prof.  Milton  C.  Whitaker,  of  Columbia 
University,  for  his  active  cooperation  and  assistance  in  the  study  of 
the  broad  problem.  The  original  plan  was  that  Professor  Whitaker 
and  one  of  the  authors  should  continue  joint  work  in  this  field,  but 
the  employment  of  the  latter  by  the  Bureau  of  Mines  rendered  the 
fulfillment  of  this  plan  impossible.  To  Prof.  Whitaker,  however, 
credit  should  be  given  for  his  active  interest  in  the  present  researches 
and  his  recognition  of  the  commercial  importance  of  the  results 
obtained. 
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XANNEB  OF  APPBOACHDra  80LX7TION  OF  CBAOKIKa  PBOBUBM  IN 

LABORATORY  BXFBBIUENT. 

The  nature  of  the  problem  has  akeady  been  indicated.  It  was  at 
once  foreseen,  however,  that  mechanical  difficulties  would  be  encoun- 
tered if  experiments  were  attempted  along  conventional  lines.  The 
disadvantages  of  all  methods  involving  the  heating  of  liquid  and 
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FioUKE  6.— Curves  showing  effects  of  temperature 
and  pressure  on  volume  of  illumlnants  In  oil-gas 
cracking  process. 
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FiotTBB  7.— Curves  showing  effects  of  temperature 
and  pressure  on  proportions  of  illumlnants  in 
oil-gas  cracking  process. 


vapor  simultaneously  are  evident. 
The  interdependence  of  tem- 
perature and  pressure  limits  the 
conditions  under  which  reactions 
may  be  studied,  and  in  addition  attempts  to  heat  considerable 
quantities  of  liquid  involve  a  large  element  of  danger.  It  soon 
appeared,  however,  that  all  these  disadvantages  could  be  obviated 
by  eliminating  the  liquid  phase  from  the  cracking  system,  and  that 
no  new  difficulties  would  be  introduced  by  the  elimination.  The 
method  of  procedure  developed  is  absolutely  flexible  with  regard  to 
the  variation  of  experimental  conditions  and  permits  work  with  a 
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Tnininnim  of  danger.  The  actual  nature  of  the  reaction  was  given 
less  consideration  than  the  commercially  important  questions  of 
initial  materials  and  final  products  and  the  r^tilation  of  conditions 
necessary  to  produce  desired  ends. 

NEGE88ITY  FOB  OOOPB&ATION  OF  VBBXIBTB,  ENGIMBEBS,  AND 

PBACnOAIi  REFINBB8. 

There  are  few  industrial  operations  coming  imder  the  field  of 
physical  chemistry  that  are  more  complex  in  character  than  that 
involved  in  the  treatment  by  heat  of  hydrocarbons  for  transforma- 
tion into  various  products.  Practically  all  the  variables  of  chemical 
phenomena  are  involved,  and  the  complexity  of  the  reactions  is 
such  that  little,  if  anything,  is  known  about  a  great  many  of  them. 
Although  the  problem  is  thus  complicated,  both  as  regards  theory 
and  practice,  the  possibiUties  are  great. 

Chemical  development  has  lagged  behind  both  mechanical  and 
operative  improvements  in  the  petroleum  industry.  The  explana^ 
tion  can  be  found  in  the  fact  that  the  solution  of  too  many  problems 
of  theoretical  chemistry  has  been  left  to  the  mechanical  engineer  or 
practical  operator,  who  can  not  be  expected  to  be  as  efiicient  in 
chemical  research  as  a  man  who  has  devoted  himself  to  the  study 
of  chemical  and  physical  phenomena  and  their  industrial  applica- 
tions. 

Only  the  combination  of  the  skill  of  the  mechanical  engineer  with 
the  detailed  knowledge  of  the  chemist  can  yield  the  best  results. 
It  is  obvious  that  maximmn  efficiency  can  no  more  be  obtained  by 
a  mechanically  perfect  machine  designed  on  wrong  principles  than 
by  one  that  is  mechanically  weak  though  theoretically  correct. 

PLACE  AT  WHICH  BUBEAXT'S  EXPEBIUENTS  WEBE  CONDXTaTED. 

The  experimental  work  described  in  Part  I  of  this  report  was  done 
in  the  department  of  chemical  engineering  of  Columbia  University, 
New  York,  which  extended  the  facilities  of  the  laboratories,  libraries, 
and  other  equipment  for  use  in  experiments. 

CHABACTEB  OF  EXPEBIMBNTS. 

The  work  consisted  essentially  in  the  subjection  of  five  typical 
petroleum  oils  to  a  wide  range  of  conditions  of  temperature  and 
pressure.    The  oils  used  were  as  follows: 

1.  A  water- white  Pennsylvania  kerosene  or  burning-oil  distillate, 
representing  the  paraffin-base  oils  of  the  Appalachian  oil  fields. 

2.  An  Oklahoma  residuum,  typifying  the  mixed-base  oils  of  the 
Mid-Continent  field. 

3.  A  California  (Kern  River)  crude,  representing  the  asphaltic- 
base  oils  of  the  Pacific  Coast  fields. 
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4.  A  Mexican  crude. 

5.  A  Russian  residuum. 

The  general  course  of  procedure  in  the  experiments  was  as  follows: 
The  oil  was  subjected  to  treatment  at  various  temperatures  ranging 
from  the  initial  boiling  point  of  the  material  to  as  high  as  1,000^  C, 
the  increase  being  in  stages  of  150^  C.  In  like  manner  the  effect  of 
pressure  was  studied  over  a  range  varying  from  about  one-thirtieth 
ol  an  atmosphere  to  a  pressure  higher  than  30  atmospheres  (500 
pounds  per  square  inch).  Various  combinations  of  temperature  and 
pressure  were  applied  systematically  to  each  oil. 

It  is  to  be  understood  that  work  was  carried  on  with  the  idea  of 
obtaining  comprehensive  results  rather  than  for  the  purpose  of  dis- 
covering optimum  conditions  for  the  production  of  any  desired 
hydrocarbons.  Unfavorable  and  favorable  Conditions  were  studied 
with  equal  care.  Attention  is  especially  called  to  this  feature, 
because  many  unfavorable  data  are  necessarily  recorded,  and  these 
might  be  considered  as  militating  against  the  commercial  practi* 
cability  of  the  results. 

GENERAL  DISCUSSION  OF  GASOLINE  AND  BENZENE-TOLUENE 

PROCESSES. 

The  processes  more  particularly  described  herein  have  been  com- 
monly termed  a  gasoline  process  and  a  benzene-toluene  process. 
In  both  the  general  method  of  operation  is  similar,  but  the  condi- 
tions of  control  differ  materially  and  the  end  products  vary  widely. 
The  gasoline  process  is  operated  at  lower  temperatiures  and  high 
pressiu*es;  for  example,  at  a  temperature  of  500^  to  550^  C.  and  at  a 
pressure  up  to  300  pounds,  whereas  the  benzene-toluene  process 
is  operated  at  a  temperature  of  625^  to  675^  C.  and  at  a  pressure 
up  to  250  pounds.  However,  the  reader  wiU  understand  that  if  the 
rate  of  oil  feed  is  properly  varied,  it  is  not  necessary  to  work  within 
the  ranges  of  temperature  and  pressure  specified. 

The  processes  are  to  be  distinguished  from  the  ordinary  cracking 
processes  in  that  the  hydrocarbon  material  is  kept  in  a  gaseous  state 
throughout  the  entire  coiurse  of  operation.  In  processes  involving 
the  subjection  of  large  masses  of  liquid  to  high  temperatures  and 
the  pressiu*es  necessary  to  prevent  volatilization,  degrees  of  heat 
exceeding  400^  to  450^  C.  are  dangerous  because  the  corresponding 
pressures  are  excessive. 

ADVANTAGES  OF  GASEOXTS-FHASB  CBACKINa  PBGCS SSES. 

The  advantages  of  having  the  reaction  occur  entirely  in  the  gaseous 
state  are  fourfold,  as  foUows: 

First.  The  hydrocarbon  material  is  fully  expanded,  so  that  if  there 
is  a  leakage  of  joints  or  a  giving  way  of  the  retainer  no  danger  results. 
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Second.  Much  higher  temperatures  and  pressures  can  be  used 
than  in  hquid  or  liquid-vapor  processes. 

Third.  The  speed  of  reaction  incident  to  high  temperatures  can  be 
readily  attained. 

Fourth.  Control  conditions  can  be  varied  at  will. 

CHEMICAL  FACTOBS  IN  GASBOUS  BKACnONS. 

The  chemical  factors  that  influence  equilibrium  in  any  gaseous 
chemical  reaction  are  as  follows: 

1.  Temperature. 

2.  Pressure. 

3.  Concentration  (mass  action). 

4.  Duration. 

5.  Contact  surface  (catalysis). 

EQTTILIBBIUM. 

True  equilibrium  is  considered  to  be  that  state  in  which  reactions 
proceed  equally  in  each  direction.  Under  constant  pressure  there 
is  a  definite  proportion  of  the  individual  constituents  for  each  tem- 
perature. Likewise  for  each  pressure^  imder  constant  temperature, 
there  is  a  definite  proportion  between  the  reacting  hydrocarbons. 
This  in  spite  of  the  fact  that  the  numerical  value  of  the  equiUbrium 
constant  is  a  fimction  only  of  temperature.  Although  the  actioa  of 
heat  can  impart  the  energy  necessary  to  disturb  an  existing  state  of 
chemical  inertia  and  induce  reaction  between  the  various  molecular 
formations,  too  high  temperatures  for  a  period  of  time  will  defeat 
the  end  sought  by  permitting  the  hydrocarbon  to  decompose  into 
coke  and  permanent  gases. 

It  is  well  known  that  the  tendency  of  substances  to  react  depends 
on  the  nature  of  the  substances  and  the  diatance  of  the  system  from 
stable  equiUbrium.  This  tendency  is  offset  by  chemical  inertia, 
which  decreases  with  increasing  temperature.  Also  to  be  considered 
is  the  fact  that  increasing  the  temperature  may  bring  the  system 
farther  from  or  nearer  to  the  desired  equiUbrium  point. 

BEARING   OF   THEORETICAL   EQUILIBRrUH   RELATIONS   ON    INDUSTRIAL 

OPERATIONS. 

EquiUbrium  values,  therefore,  are  of  high  importance  in  industrial 
operations  as  they  indicate  the  direction  and  magnitude  of  reactions. 
Knowledge  that  a  given  reaction  will  be  attended  by  evolution,  or 
absorption  of  heat,  is  of  aid  in  detenniiiing  operating  conditions. 
No  single  equiUbrium,  however,  can  be  considered  by  itself,  as  not 
only  must  a  particular  equiUbrium  relationship  be  satisfied,  but  all 
the  constituents  must  also  be  in  equiUbrium.    In  other  words,  there 
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must  be  a  symphony  of  eqiiilibria  between  all  the  components  of  the 
system.  The  moment  there  is  an  imbalanced  system  of  gases  there 
is  a  tendency  for  an  equilibrium  to  be  established  between  all  the 
components  of  that  sjrstem.  All  the  reactions  that  occur  in  a  hydro- 
carbon process  are  interrelated  and  must  all  be  taken  into  considera- 
tion, although  a  single  reaction  or  set  of  reactions  may  be  extremely 
important  as  indicating  a  prevailing  tendency. 

BESULTS  OF  CBACKINO  IN  AN  ATMOSFHEBE  OF  ADMIXED  OASES. 

If  petroleum  is  cracked  in  an  atmosphere  containing  all  the  hydro- 
carbon gases  with  the  exception  of  ethylene,  one  may  expect  that 
the  only  fixed  gas  produced  in  any  quantity  will  be  ethylene,  at 
least  until  there  is  ethylene  enough  to  satisfy  equilibrium  conditions 
between  all  the  constituents  present  in  the  reaction  chamber  at  the 
given  temperature  of  operation.  Advantage  is  taken  of  this  fact 
in  the  processes  described  herein,  as  the  fixed  gases  are  retained  in  the 
reaction  zone  so  that  equilibrium  conditions  with  respect  to  these  gases 
are  continuously  satisfied  without  further  decomposition  for  their 
formation. 

In  general,  in  the  operation  of  the  processes  two  classes  of  gases  are 
formed — first,  those  that  are  readily  condensable  at  temperatures 
above,  say^  30^  C,  and  second,  those  that  remain  imcondensed  below 
30^  C;  such  as  hydrogen,  ethane^  methane,  and  like  hydrocarbon  gases, 
which  are  herein  termed  fixed  or  permanent  gases.  If  the  condensable 
gases,  so  called,  be  continually  withdrawn,  and  if  oil,  which  is  gasified, 
be  constantly  supplied,  and  if  the  permanent  gases,  or  a  considerable 
part  thereof,  be  held  in  the  sphere  of  reaction,  there  is  a  tendency  for 
the  equilibrium  to  be  restored  and  for  condensable  hydrocarbons 
rather  than  noncondensable  or  permanent  gases  to  be  formed. 

Thus  it  is  not  necessary  to  generate  new  gaseous  end  products  at 
the  expense  of  more  valuable  condensable  hydrocarbons.  The  con- 
tinuous removal  of  the  condensable  products  from  the  cracking  zone 
aids  the  estabUshing  of  equilibrium  by  the  continual  formation  of 
these  products.  What  is  attempted  is  to  have  the  reaction  products 
approach  a  state  of  equilibrium  with  a  constant  removal  of  the 
liquid  end  products,  so  that  the  reaction  wiU  proceed  continuously  in 
the  desired  direction.  Stated  in  another  way,  the  addition  of  any  of 
the  end  products  in  any  decomposition  process  checks  decomposition 
in  that  direction  and  causes  it  to  proceed  in  another  direction  until 
equilibrium  has  been  established.  Continuous  removal  of  the 
products  of  reaction  from  the  reaction  chamber  is  merely  in  obedience 
to  the  indications  of  the  law  of  mass  action  and  permits  the  reaction 
to  proceed  to  approximate  completion. 
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EFFECT  ON  OSAOKINO    REACTION   OF   HIGH   CONCENTRATION    OF   END 

PRODUCTS. 

The  tendency  mentioned  above  is  promoted  by  a  high  concentration 
or  increase  in  the  density  of  the  permanent  gases  that  are  retained  in 
the  sphere  of  reaction.  Concentration  of  a  given  gas  is  a  function  of 
pressure,  but  the  character  of  the  concentration  products  exerts  a 
material  influence  on  the  reaction  products. 

The  relation  between  pressure  and  concentration  can  best  be 
understood  from  the  well-known  thermodynamic  relationship  for  any 
temperature  in  which — 

FresBure  X  volume  «  constant 

volume  =  1  divided  by  concentration. 

The  thermodynamic  relationship  can  be  expressed  by  the  equation 

Pressure  »  concentration  X  constant, 

from  which  it  becomes  evident  that  the  concentration  of  end-product 
hydrogen  and  other  permanent  gases  is  directly  proportional  to  the 
pressure  exerted  by  such  gases. 

In  the  ordinary  cracking  processes  some  decomposition  of  the  hydro- 
carbon material  is  necessary  to  produce  hydrogen  and  other  gases 
required  to  estabUsh  an  equilibrium  at  the  temperature  of  operation. 
The  degree  of  this  extreme  decompo-^ition  might,  of  course,  be  limited 
by  the  addition  of  the  necessary  hydrogen  and  the  other  gases  from 
extraneous  sources.  However,  as  free  hydrogen  is  costly,  such  a  pro- 
cedure is  commercially  impracticable.  Some  inv^tigators  have 
sought  to  attain  the  same  end  by  the  decomposition  of  steam. 

In  the  experiments  resulting  in  the  discovery  of  the  process  for  the 
manufacture  of  gasoline,  it  was  found  that  if  oil  is  cracked  in  the 
presence  of  an  excess  of  the  hydrogen  and  other  permanent  gases 
produced  by  the  process  itseK  and  retained  in  the  zone  of  reac- 
tion, little  of  the  hydrogen  contained  in  the  oil  splits  off  in  a 
free  condition.  In  fact,  when  ethylene  is  sought,  a  considerable 
part  of  the  added  hydrogen  enters  into  combination  and  produces 
more  hydrocarbons  than  would  otherwise  be  obtainable.  The 
value  of  this  feature  lies  in  the  fact  that  there  is  no  necessity  of 
generating  new  gaseous  products  at  the  expense  of  the  more  valuable 
substances.  With,  more  hydrogen  present  than  is  required  by 
equiUbrimn  conditions  the  natural  tendency  is  for  the  hydrogen  to 
combine.  This  feature  constitutes  one  of  the  essentials  of  both  proc- 
esses. The  general  effect  of  changed  concentration  of  one  of  the 
constituents  in  an  equilbriumhas  been  discussed  by  one  of  the  authors.® 
The  important  bearing  of  the  atmosphere  in  which  the  decomposition 

«  Rittman,  W.  F.,  Application  of  phyiioal  chemistry  to  industrial  prooesBes:  Jour.  Ind.  and  En^  Cham., 
Tol.  6,  August,  1014,  p.  684. 
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of  oil  occurs  has  been  noted  by  other  experimenters.  Hempel,"  for 
example,  f  omid  that  when  oil  is  cracked  in  an  atmosphere  of  hydrogen 
none  of  the  hydrogen  is  split  off  from  the  hydrocarbons,  and  a  part 
of  the  admixed  hydrogen  actually  combines  for  the  formation  and 
preservation  of  hydrocarbons.  The  result  of  experiments  con- 
ducted by  one  of  the  authors^  fully  confirms  this;  furthermore  the 
same  principles  have  been  successfully  applied  in  gas  manufacturing 
by  the  Joneses  on  the  Pacific  coast.  Hempel  also  found  that  the 
greater  part  of  the  hydrogen  admixed  enters  into  combination  to 
form  saturated  hydrocarbons  when  cracking  is  done  imder  pressing. 
This  fact  likewise  has  been  confirmed  by  one  of  the  authors. 

TBMPEB  ATX7BS . 

As  organic  substances  generally  decompose  on  appUcation  of  heat, 
it  is  obvious  that  increase  in  temperature  favors  a  high  degree  of 
decomposition.  Heavy  molecules  are  less  stable  than  light  ones  of 
similar  structure.  For  example,  methane  is  stable  at  400^  C, 
whereas  at  that  temperature  a  higher  member  of  the  same  series,  such 
as  paraffin  wax,  imdergoes  considerable  decomposition.  Thus  the 
selection  of  temperature  in  the  processes  imder  discussion  depends  on 
the  character  of  the  hydrocarbon  materials  to  be  treated,  as  decom- 
position of  each  group  of  hydrocarbons  is  most  favored  by  a  specific 
temperature.  In  this  respect  these  processes  have  a  material  advan- 
tage, because  there  are  no  mechanical  limitations  regarding  the 
character  of  hydrocarbons  that  may  be  employed  as  original  material. 
Any  petrolemn  product,  from  gasoline  to  the  heaviest  residuum,  can 
be  utilized  for  the  production  of  low-boiling  aromatic  hydrocarbons 
or  gasoline.  Of  course,  in  the  production  of  gasoline,  higher-boiling 
hydrocarbons  than  those  commercially  known  as  gasoline  would  be 
utilized,  as  there  would  be  no  object  in  cracking  a  natural  gasoline, 
although  such  cracking  would  be  possible. 

RELATION   OF  TEMPEBATUBE  TO  FRESSUBE. 

Indications  of  the  effect  of  temperature  on  cracking  processes  may 
be  obtained  from  thermodynamics.  According  to  a  proposition 
put  forward  by  Bertholet  and  Thomsen,  "every  chemical  change 
gives  rise  to  those  substances  that  occasion  the  greatest  devel- 
opment of  heat."  If  this  were  true,  the  problem  of  obtaining 
temperature  indications  would  be  as  simple  as  that  of  obtaining 
pressure  indications  for  reactions  proceeding  to  equihbrium. 

To-day  it  is  recognized  that  this  statement  is  only  a  first  approxi- 
mation, because  in  all  reactions  one  deals  with  the  additional  molecular 

a  Hempel,  H.,  th>er  GasUe  und  5lgaa:  Jour.  Oubel,  Jahrg.  53,  Jan.  15, 1910,  pp.  5»-58. 
b  WUtaker,  H.  C,  and  Rlttman,  W.  F.,  Thermal  reactioiB  in  carbureting  water  gas:  Jour.  Ind.  and 
Sng.  ChMn.1  ToL  0, 1014,  pp.  886-802;  Jour.  Boo.  Cham.  Ind.,  toL  83,  July  15, 1914,  p.  682. 
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energy,  whereas  the  proposition  mentioned  assumes  the  free  energy, 
termed  maximum  work,  to  be  equal  to  the  total  energy  change. 
Nemst  has  pointed  out  that  this  statement  holds  true  only  at 
the  absolute  zero;  that  is,  the  entropy  of  liquids  and  solids  at 
absolute  zero  of  temperature  equals  zero.  The  practical  signifi- 
cance of  a  relationship  such  as  that  indicated  by  the  Van't  Hoff 
equation  showing  the  relative  values  of  equilibrium  constants  for 
two  different  temperatures,  and  the  Nemst  formula  giving  an  approxi- 
mate absolute  value  of  the  equilibrium  constant  for  a  given  temperar 
ture  are  fully  discussed  by  Whitaker  and  Rittman.  ^ 

It  is  fully  recognized  that  constants  obtained  by  the  Nemst  formula 
are  not  final,  and  are  of  qualitative  value  only.  It  is  likewise 
recognized  that  practically  all  of  the  equilibrium  constants  indicated 
and  used  in  the  earlier  work  cited  above  are  at  best  approximations, 
but  the  quantitative  numerical  results  derived  serve  as  indicators  and 
not  as  specific  and  invariable  quantitative  factors.  If  these  facts  be 
recognized  at  all  times,  and  if  it  be  further  remembered  that  every 
individual  reaction  is  influenced  by  every  other  reaction  possible  in 
the  zone  of  reaction,  most  helpful  information  may  be  derived. 
Without  such  constants  the  effects  of  temperature  and  pressure  are 
unknown  factors,  to  be  determined  lai^ely  in  an  empirical  way. 
The  theoretical  considerations  assist  in  arriving  at  an  intelligent 
understanding  of  the  results  obtained,  together  with  further  sugges- 
tions as  to  the  most  Ukely  next  step.  As  illustration,  a  number  of 
equihbrium  relations  used  in  the  course  of  the  various  researches 
covered  by  this  report  are  listed  in  Table  4,  following: 

a  Wbltftkv,  IC.  C,  and  Kittman,  W.  F.,  Thormal  reactkni  in  ovlnnting  WBtargMt  Jour.  Tnd.  and 
Eng.  Cham.,  yoL  A,  May  and  July,  lOU,  pp.  388,  472. 
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As  previously  stated,  each  equilibrium  constant  has  a  definite 
value  for  definite  temperature,  but  the  reaction  that  proceeds  at  one 
temperature  may  be  reversed  at  another  temperature.  Although 
pressure  does  not  change  the  value  of  the  equilibrium  constant  at  a 
given  temperature,  it  does  have  a  material  effect  on  the  yields  ob- 
tainable and  the  character  of  the  product.  The  relation  of  tempera- 
ture to  pressure  in  the  processes  herein  outlined,  however,  is  essen- 
tially different  from  their  relationship  in  any  two-phase  system.  As 
regards  processes  carried  out  entirely  in  the  gaseous  state,  the  tem- 
perature can  be  chosen  that  is  most  favorable  for  the  maximum  of 
conversion  and  the  minimum  of  decomposition  into  undesirable  end 
products,  whereas  that  pressure  is  employed  which  experiment 
has  determined  to  be  most  favorable  in  increasing  yields  and  im- 
proving the  character  of  the  product.  This  judicious  selection  of  a 
combination  of  most  favorable  temperature  and  pressure  is  possible 
only  in  a  single-phase  system,  for  the  reason  fully  outlined  in  the 
discussion  of  the  limitations  of  two-phase  systems. 

TEMPERATUBES   EMPLOYED   IN   BUREAU  OF  MINES   PROCESSES. 

Oaseous-phase  processes  have  been  operated  by  the  authors  at 
temperatures  higher  than  950°  C.  and  lower  than  400°  C.  At  the 
high  temperatures,  as  was  to  be  expected,  the  products  went  entirely 
to  carbon  and  hydrogen  and  other  fixed  gases.  The  lower  tempera- 
tures gave  such  slight  conversion  that  their  use  was  demonstrated 
to  be  commercially  impracticable  on  account  of  the  time  element. 

Gasoline  formation  seems  to  begin  at  a  temperature  higher  than 
400°  C,  and  to  approach  a  maximum  between  500°  and  550°  C. 

As  regards  aromatic  hydrocarbons,  it  appears  that  a  maximum 
content  is  discovered  in  oils  cracked  at  a  temperature  of  650°  to 
700°  C.  It  appears,  however,  that  greater  yields,  on  the  basis  of 
original  oil,  may  be  obtained  at  lower  temperatures,  as  the  lower 
temperatures  permit  a  larger  recovery  of  cracked  oil.  For  practical 
operation,  a  temperature  of  625°  to  675°  C.  has  been  found  most 
desirable.  The  particular  temperature  chosen  will  depend  largely 
on  the  aromatic  hydrocarbon  desired  in  greatest  quantity,  as  the 
yield  of  any  given  aromatic  compound  can  be  increased  or  diminished 
by  approaching  or  departing  from  the  temperature  most  favorable 
for  its  formation.  For  example,  the  proportionate  yields  of  benzene 
and  toluene  can  be  varied  at  will  up  to  the  maximum  percentage  for 
each. 

The  temperatures  indicated  are  relative  only,  as  it  has  been  found 
that  each  oil  has  its  own  optimum  conditions.  The  suitability  of  a 
given  temperature  is  dependent  also  on  the  size  of  the  reaction 
chamber  and  the  rate  of  feed  of  oil  into  the  chamber. 
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PBBSST7BB. 

According  to  an  application  of  the  principle  of  Le  Chatelier^  pres- 
sure favors  any  reaction  resulting  in  decrease  of  volume  and  opposes 
any  reaction  that  is  accompanied  by  an  increase  in  volume.  It  appears 
possible,  therefore,  to  obtain  indications  of  the  effect  of  pressure 
by  the  simple  process  of  writing  an  equation  and  summing  up  the 
volimie  changes. 

The  effect  of  varying  the  pressure  when  a  hydrocarbon  mixture 
is  to  be  cracked  may  be  illustrated  by  considering  the  general  reaction 

A = 2B,  in  which  a  condition  of  equilibriimi  exists  when  K  =  ^-^^  and 

i  A 

KPa  =  (Pb)*.  This  equilibriimi  constant  is  identical  with  the  one  men- 
tioned under  the  discussion  of  temperature,  but  deals  with  the  partial 
pressures  at  equilibrium  under  different  conditions  of  pressure.  If 
the  value  of  K  be  assumed  as  equal  to  1,  then,  for  partial  pressures, 
when  A  equals  100,  B  equals  10,  or  when  A  equals  0.01,  B  equals  0.1. 
In  the  first  instance  the  partial  pressure  A  is  10  times  as  great  as  that 
of  B.  In  the  second  instance  the  partial  pressure  of  A  is  only  one- 
tenth  the  partial  pressure  of  B.  In  other  words,  simply  by  changing 
the  total  pressure  on  the  system  and  keeping  all  other  pressures 
constant  the  ratio  of  A  to  B  for  the  pressure  chosen  has  been  divided 
by  100.  It  follows  that,  as  previously  indicated,  diminished  pressure 
increases  decomposition,  whereas  increase  of  pressure  decreases 
decomposition.  As  illustrative  of  the  practical  bearing  of  these 
facts,  it  has  been  demonstrated  that  diminished  pressure  favors  the 
manufacture  of  gas,  whereas  the  manufacture  of  gasoline  from  heavy 
hydrocarbons  is  favored  by  increased  pressure. 

On  first  thought  this  statement  with  respect  to  gasoUne  formation 
may  appear  to  be  an  anomaly.  One  would  expect  to  use  vacuum  in 
order  to  help  pull  the  larger  molecules  apart;  but  in  gasoline  forma- 
tion it  is  important  to  produce  all  the  saturated  molecules  possible, 
and  this  involves  a  building  up  or  saturating  (hydrogenation)  proc- 
ess. Temperature  accomplishes  the  dissociating  of  the  big  mole- 
cules and  pressure  causes  saturation  (hydrogenation)  of  the  lower 
boiling  and  more  stable  gasoline  molecules.  The  possibiUty  of  using 
high  pressures,  irrespective  of  the  temperature,  constitutes  one  of 
the  most  important  advantages  of  the  processes  under  discussion. 

LIMrrATIONS   AS  TO   USE   OP  PRESSURE. 

The  velocity  with  which  the  reaction  occurs  is  an  important  factor 
in  determining  the  yield  of  any  product  when  the  time  is  fixed. 
According  to  the  law  of  mass  action,  reaction  velocity  is  proportional 
to  concentration,^  and,  in  gaseous-phase  reactions,  concentration  is 

«  The  ooQcentratlon  of  any  substance  in  a  gas  mixture  is  proportional  to  Its  partial  pressure  and  these 
Unas  are  used  tnterobanseably  with  suitaUe  ocnstants. 
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directly  proportional  to  pressure.  It  appears,  therefore,  that  in- 
creased pressure  may  be  favorable  to  a  point  where  the  reaction 
proceeds  with  sufficient  rapidity  to  attain  a  state  of  equilibrium. 
Increase  in.  pressure  above  this  point  will  tend  to  shift  the  equilib- 
rium unfavorably  if  the  reaction  is  one  that  is  accompanied  by 
increase  of  volume.  It  would  seem  to  follow,  therefore,  that  for  each 
temperature  there  is  some  optimum  pressure  if  the  rate  of  feed  is 
constant.  For  the  lower  temperatures,  this  pressure  will  be  high; 
for  high  temperatures,  it  may  be  low.  ' 

OBJECT   OF  HIGH   PBESSUBES. 

The  purpose  of  employing  high  pressure  in  the  vapor  phase  is  inde- 
pendent of  any  influence  that  the  high  pressure  may  have  on  the 
boiling  points  of  hydrocarbons  cracked.  The  process  is  not  one  of 
distillation,  and  boiling  points  are  of  no  importance  in  the  actual 
course  of  the  reaction,  as  may  be  appreciated  by  considering  the  type 

reaction: 

xA=»yB-2C 

r  njit     |^_(C?oPC^Ptration  B)»  (concentration  C)» 
""  (concentration  A)« 

in  which  xA  represents  the  high  boiling  hydrocarbons  to  be  converted 
into  lower  boiling  hydrocarbons,  yB  represents  the  lower  boiling 
gasoline  hydrocarbons,  and  2C  represents  hydrogen  and  the  noncon- 
densable  hydrocarbons,  such  as  methane  (CHJ,  ethane  (C^He), 
ethylene  (CjHJ,  etc.  Because  of  the  tendency  toward  equihbrium 
in  the  system,  it  is  evident  that  if  the  end  products  represented  by 
zC  are  kept  in  the  sphere  of  reaction  the  tendency  is  for  xA  hydro- 
carbons, representing  the  raw  hydrocarbon  material  used,  to  form 
yB  hydrocarbons  (lower  boUing  hydrocarbons)  in  order  to  satisfy 
equilibrium.  The  greater  the  concentration  of  2C,  the  more  pro- 
nounced will  be  the  tendency  of  xA  to  form  yB,  and  not  zC, 

In  the  conventional  cracking  processes  2C  constituents,  being  of 
lighter  weight  than  the  liquids,  constantly  pass  up  and  out  of  the 
sphere  of  reaction,  whereas  an  important  feature  of  the  present 
processes  is  the  retention  of  the  sC  constituents  in  the  sphere  of 
reaction  through  control  of  the  discharge  of  the  evolved  gases.  If 
small  narrow  tubes  are  used,  such  as  those  mentioned  previously  in 
the  review  of  the  cracking  processes,  the  end  products  represented  by 
2C  are  necessarily  swept  out  of  the  reaction  chamber,  as  they  can  not 
be  held  therein.  In  processes  of  this  character  there  is,  necessarily, 
a  great  waste  of  valuable  hydrocarbon  material,  as  the  tendency  of  all 
the  hydrocarbon  constituents  present  in  the  system  to  go  into  equili- 
brium causes  a  considerable  part  of  the  hydrocarbons  to  be  con- 
tinuously decomposed  into  end  products.  This  decomposition  is 
increased  in  proportion  to  increase  of  temperature. 
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INFLX7SNCE  OF  TIXB  IN  VAPOB-PHASE  CBAGKINa  BSACTIONS. 

'Hxne  or  duration  of  reaction  is  of  high  importance  in  the  cracking 
or  alteration  of  heavy  oils  into  lighter  products.  The  majority  of 
organic  reactions  require  time  for  their  completion.  In  the  present 
processes,  the  time  factor  may  be  controlled  in  various  ways.  The 
cracking  apparatus  may  be  lengthened,  or  the  rate  at  which  the  oil  is 
fed  into  the  reaction  chamber  may  be  varied.  It  may  be  further 
efifected  by  the  employment  of  catalytic  agents.  The  eflfect  of  a 
catalyzer  is  to  accelerate  the  reaction. 

The  time  factor  is  also  intimately  related  to  the  temperatures  and 
pressures  employed.  It  is  obvious  that  if  a  h%h  temperature  be 
employed,  a  lesser  time  is  required  than  if  a  relatively  lower  tempera- 
ture be  used.  A  slow  rate  of  feeding  oil  and  a  relatively  low  tem- 
perature win  accomplish  practically  the  same  results  as  a  relatively 
faster  rate  of  feed  and  a  much  higher  temperature,  with  the  single 
difference  that  more  time  will  be  necessary. 

In  the  processes  under  consideration  it  is  preferable  to  maintain  a 
given  rate  of  feed  for  the  favorable  conditions  of  temperature  and 
pressure  established  by  experimentation  for  any  particular  oil.  For 
example,  the  following  conditions  existed  in  the  8-inch  tubes  used  in 
the  commercial  production  of  benzene  and  toluene  from  a  fuel-oil 
distillate.  With  a  feed  of  approximately  15  gallons  per  hour,  tem- 
peratures of  650**  to  676°  C,  and  a  pressure  of  150  pounds  per  square 
inch,  the  results  are  satisfactory.  If  the  temperature  is  increased  to 
750**  C,  a  rate  of  feed  of  between  25  and  30  gallons  per  hour  would  be 
necessary  in  order  to  obtain  similar  results.  The  mechanical  diffi- 
culties introduced  by  the  higher  temperatures,  however,  decrease 
their  feasibility  in  commercial  work.  In  the  production  of  gasoline 
from  high-boiling  distillates,  the  rate  of  feed  has  been  as  high  as  70 
gallons  per  hour,  under  a  pressure  of  200  pounds  per  square  inch,  and 
a  temperature  of  600**  C. 

SPEED  OF  REACTION   IN  VAPOR-PHASE  PROCESS. 

The  introduction  of  a  small  volume  of  peti^oleum  into  a  highly 
heated  chamber  has  a  number  of  advantages  as  Regards  efficiency.  All 
of  the  material  is  heated  immediately  and  uniformly.  At  the  same 
time  the  danger  incident  to  blowouts  or  to  receptacles  giving  way  is 
much  less  than  in  a  process  in  which  large  quantities  of  oil  are  heated 
cracking  temperatures. 

Likewise,  as  all  the  material  to  be  treated  at  a  given  time  is  present 
in  the  reaction  chamber  in  a  gaseous  form,  and  as  all  the  constituents 
of  an  equilibrium  system  are  present,  it  is  possible  for  new  hydro- 
carbon formations  to  occur  almost  simultaneously  with  the  breaking 
up  of  the  heavier  gasified  hydrocarbons. 

17945'— 16 4 
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XTFEOI  OF  CWNTACT  SIHtFACB. 

The  factor  of  contact  surface  is  of  secoDdary  importance  in  the 
processes  under  consideration,  except  as  it  may  be  associated  with 
catalytic  effects.  This  factor  is  of  importance,  however,  in  liquid- 
phase  cracking  processes,  as  in  them  much,  of  the  cracking  is  due  to 
local  superheating  of  oil  in  contact  with  the  walls  of  the  container. 
The  higher  temperatures  possible  in  the  vapor  phase  bring  about  the 

same  acceleration  in 
*•  reaction    velocity 

that  is  accomplished 
by  the  use  of  cata^ 
lyzers. 

ADVAlTTAaES     OF 
aiKaLB-PKASS 

d  I       BSS    OVSK    TWO- 

gU  i        PHASE      PSOC- 


S  I       The     advantages 

e-  I  of    the    one-phase 

^  I  system  become  evi- 

I  I  dent  on  considera- 

I  tion  of  some  prin- 

£  ciples    of    physical 

'  chemistry.  In  a 
two-phase  system 
temperature  and 
pressure  are  func- 
tions of  each  other; 
in  a  one-phase  sys- 
tem they  are  mutu- 
0  ally    independent. 

TEMPERATURE, -c-  ^'^^   smiple  vapor- 

FloDtt8.-Vapor.pr«,a«oury.torw«Wr.  pressure    CUPVe    for 

water  shown  in  fig- 
ure 8  makes  this  clear.  If  liquid  and  vapor  are  both  present  equihbri- 
\xra  is  represented  by  a  line,  and  any  deviation  from  the  combination  of 
conditions  indicated  by  this  line  results  in  the  disappearance  of  a  phase. 
Thus  if  water  is  heated  to  a  temperature  higher  than  100°  C.  under  at- 
mospheric pressure  it  is  entirely  changed  into  vapor.  But  water  vapor 
will  remain  as  such  under  any  desired  condition  of  temperature  and 
pressure  within  the  hmits  that  do  not  cause  condensation  of  hquid. 
Of  course,  petroleum  is  not  exactly  comparable  with  water,  as 
petroleum  is  not  a  single  compound  but  a  complex  mixture.  A 
r«rtain  limited  degree  of  flexibility  of  control  of  the  two  variablee. 
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temperature  and  pressiire,  is  possible  even  in  a  two-phase  petroleum 
system,  as  equilibrium  is  maintained  by  changes  in  the  relative  compo- 
sition of  gaseous  and  liquid  phases.  But  beyond  a  certain  point  there 
is  no  jQexibility,  and,  in  actual  fact,  cracking  conditions  in  all  two- 
phase  processes  are  in  laige  degree  controlled  by  the  nature  of  the 
oil  used  as  original  material. 

A  possible  objection  to  the  vapor-phase  processes  herein  discussed 
might  be  that  when  these  processes  are  apphed  to  an  oil  with 
constituents  having  boiling  points  as  high  as  550^  C,  and  the 
temperature  in  the  tube,  for  example,  500°  C,  all  the  hydro- 
carbons are  not  vaporized.  However,  all  the  oil  acted  on  is  in  the 
gaseous  phase.  Any  heavier  ungasified  hydrocarbons  will  fall 
instantly  out  of  the  sphere  of  reaction.  The  cracking  tubes  are 
vertical  and  the  force  of  gravitation  attends  to  any  deficiencies  in 
temperature.  However,  when  high-boiling  residues  are  being  treated 
it  is  perfectly  practicable  to  increase  correspondingly  the  tempera- 
ture in  the  tube.  When  the  hydrocarbons  under  treatment  boil  at 
a  temperature  below  that  of  the  tube  there  is  little  difficulty  in  obtain- 
ing complete  vaporization,  provided  a  suitable  rate  of  flow  is  main- 
tained. Moreover,  as  the  processes  are  so  arranged  that  cracking 
takes  place  in  the  gaseous  phase,  the  temperature  and  the  pressure 
may  be  controlled  independently. 

As  pressure  and  temperature  are  the  two  most  important  chemical 
factors  involved  in  any  gaseous  chemical  process,  the  importance  of 
being  able  to  change  either  one  of  these  variables  at  will  without 
varying  the  other  is  readily  seen.  Moreover,  the  mode  of  treatment 
used  in  the  processes  herein  described  is  in  no  way  limited  to  the  petro- 
leum industry.  Any  reactions  possible  between  substances  capable 
of  vaporization  may  be  conducted  in  a  single  (gaseous)  phase.  Such 
a  procedure  has  two  decided  advantages,  as  follows: 

1.  The  high  speed  of  reaction  incident  to  high  temperatures. 

2.  Thorough  mixing  and  contact. 

It  is  beUeved  that  the  time  will  soon  come  when  it  wiU  be  found 
advantageous  to  conduct  in  the  gaseous  phase  many  reactions  that 
now  take  place  in  the  liquid  phase. 

OBJECTIONS  TO  USB  OF  TUBES. 

A  characteristic  feature  of  many  cracking  processes  is  the  use  of 
tubes  of  various  lengths,  sizes,  and  arrangements  in  place  of  the  con- 
ventional still.  The  following  objections  are  typical  of  those  gener- 
ally raised : 

If  large  tubes  are  used,  it  is  claimed  that  there  is  a  tendency  to 
short  circuiting  or  channeling,  much  of  the  original  material  being 
thus  permitted  to  pass  through  without  attaining  the  desired  tem- 
perature.   Attempts  to  apply  higher  temperatures  result  in  uneven 
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heating,  the  periphery  of  the  tube  being  hotter  than  the  interior. 
The  average  amount  of  heat  supplied  may  be  thus  brought  to  the 
desired  quaQtity,  but  some  of  the  oil  is  cracked  at  high  temperatures 
and  some  at  low.  As  a  result  the  desired  products  may  never  be 
obtained,  for  their  properties  are  in  no  way  suppUed  by  mixing  the 
compounds  produced  by  cracking  at  higher  with  those  produced  at 
lower  temperatures.  As  is  shown  subsequently,  all  disadvantages  of 
this  sort  may  be  eliminated  by  simple  mechanical  improvements. 

A  more  serious  objection  to  cracking  in  tubes,  particularly  in  those 
of  small  internal  diameter,  such  as  the  ^^-inch  or  f-inch  tubes  em- 
ployed in  some  of  the  processes  previously  mentioned,  is  the  depo- 
sition of  carbon.  This  can  not  be  avoided  when  hydrocarbon  mix- 
tures are  cracked,  as  the  temperature  necessary  to  bring  about  partial 
decomposition  of  the  lighter  molecules  will  inevitably  bring  about 
some  total  decomposition. 

Obviously  the  difficulty  of  removing  from  a  long  continuous  coil  a 
deposit  of  accumulating  carbon' is  considerable.  Attempts  have  been 
made  to  minimize  carbon  deposition  by  maintaining  a  high  rate  of 
flow  through  the  tubes.  In  Hall's  process,  for  example,  a  speed 
equivalent  to  6,000  feet  per  minute  is  attained,  on  the  theory  that 
carbon  formation  and  accumulation  is  much  more  pronounced  at  a 
slow  rate  of  flow  than  at  one  of  great  rapidity. 

It  is  obvious  that  a  coating  of  carbon  on  the  walls  reduces  the 
thermal  efficiency  of  the  tube,  thereby  necessitating  a  greater  fuel 
consumption  to  maintain  the  desired  temperature.  The  carbon  depo- 
sition necessarily  incident  to  high  temperature,  with  consequent  plug- 
ging of  small  tubes,  has  always  justly  been  considered  an  objection 
to  any  tubular  system. 

Difficulties  on  account  of  the  adherence  of  carbon  to  the  heated 
contact  surface  are  not  confined  to  tubes.  Humphreys,^  in  his  letters 
patent  for  an  improved  form  of  still,  states  that  in  the  original  Burton 
process  only  about  one-third  of  the  initial  chai^  of  oil  could  be  dis- 
tilled before  difficulties  resulted  through  carbon  accumulating  on  the 
still  bottom.  Humphreys  has  endeavored  to  obviate  the  danger 
resulting  from  excessive  carbon  deposition  by  having  a  still  equipped 
with  one  or  more  false  bottoms. 

ADVANTAaES  OF  USINa  LABQB  TUBES. 

The  use  of  tubes  of  considerable  diameter  in  place  of  small  tubes 
obviates  the  objections  advanced  against  the  use  of  tubes  and  gives 
a  high  degree  of  efficiency.  With  vertical  tubes  8  inches  or  more  in 
diameter  it  has  been  possible  to  remove  carbon  continuously  by  a 
mechanical  device  to  be  described. 

The  carbon  deposition  incident  to  the  gasoline  process  is  almost 
negligible. 

•  BniBphrays,  R.  E.,  U.  S.  Patnt  1U9008,  D«c.  22, 1014. 
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In  the  benzene-toluene  process,  carbon  formation  is  unavoidable. 
Fortunately,  however,  it  has  been  possible  so  to  r^;ulate  furnace 
conditions  that  the  carbon  appears  either  as  a  light  powder  or  a 
tarry  sludge,  rather  than  as  a  dense  and  adherent  coke. 

The  use  of  tubes  gives  a  number  of  advantages  lacking  with  the 
conventional  still.  First,  the  vertical  arrangement  of  the  tubes  per- 
mits carbon  to  pass  down  and  out  of  the  cracking  or  reaction  zone, 
so  that  it  does  not  interfere  with  the  control  of  furnace  conditions. 
Second,  the  cheapness  of  tubes  as  compared  with  stills  is  an  impor- 
tant recommendation.  Third,  the  danger  incident  to  the  treatment 
of  large  quantities  of  hquid  at  a  given  time  is  minimized,  this  feature 
alone  being  sufficient  to  justify  the  use  of  the  tubes.  Fourth,  con- 
tinuous 24-hour-a-day  operation  is  possible  with  tubes,  whereas 
with  the  conventional  types  of  still,  operation  is  intermittent  because 
of  the  necessity  of  stopping  frequently  in  order  to  remove  uncon- 
verted hquid  and  carbon  deposits  from  the  still. 

As  regards  efficiency  and  low  initial  cost  the  tube  is  believed  to 
have  decided  advantages  over  the  laige  receptacle  or  retort.  The 
fact  remains,  however,  that  in  the  most  extensively  employed  crack- 
ing process  for  producing  gasoline  (the  Burton-Humphreys)  stills  are 
used,  and  millions  of  gallons  of  oil  are  handled  yearly.  This  is, 
perhaps,  evidence  of  the  skill  and  ability  of  the  inventors  and  of  the 
operating  company  rather  than  proof  of  the  intrinsic  superiority  of 
the  still. 

LABOKATOBT  BXPEBIMENTS  LEADING  TO  DISCOTBET  OF  BIIBI4U 

OF  MINES  FEOCBSSBS. 

DESCRIPTION  OF  EXPEBDCBNTAL  AFPABATUS. 

The  apparatus  used  for  the  laboratory  experiments  here  described 
is  shown  in  figures  9  and  10.  It  consisted  essentially  of  an  electrically 
heated  furnace  body  made  of  wrought-iron  pipe  1  i  inches  in  diam- 
eter and  32  inches  long.  For  a  distance  of  18  inches  the  pipe  was 
wrapped  with  nichrome  resistance  wire,  an  insidation  of  asbestos 
being  placed  between  the  iron  pipe  and  the  resistance  wire.  A 
|-inch  wrought-iron  pipe  was  welded  at  right  angles  into  the  furnace 
body  to  serve  as  a  container  for  the  pyrometer  point.  Both  the 
furnace  body  and  the  side  tube  were  incased  in  a  5-inch  asbestos 
pipe  covering  to  minimize  radiation. 

In  the  upper  part  of  the  furnace  tube  a  perforated  plate  was 
placed,  upheld  by  a  thin  rod  running  vertically  through  the  furnace. 
The  space  above  the  plate  was  filled  with  steel  balls  to  facilitate  the 
vaporization  of  the  oil  entering  the  tube,  the  steel  balls  being  pur- 
posely kept  above  the  cracking  zone  of  the  furnace  in  order  to 
preserve  their  intended  function  as  a  vaporizer. 
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At  the  Upper  end  of  the  furnace  a  eight-feed  oil  cup  of  approxi- 
mately  1-quart  capadty  wae  used.    In  order  to  permit  ttie  oil  to  flow 


into  the  tube,  the  pressure  in  the  furnace  and  that  in  the  oil  cup  were 
equalized  through  a  small  tube  communicating  with  the  furnace 
body  below  the  pomt  of  entrance  of  the  oil  feed.    As  a  result,  regard- 
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less  of  the  operative  pressure,  the  oil  was  always  under  a  pressure 
equal  to  its  head. 

The  gaseous  products  were  discharged  from  the  furnace  through  a 
liebig  condenser  A  into  a  tar  drip,  which  for  atmospheric  or  dimin- 
ished pressure  consisted  of  a  thick  glass  bottle.  The  continuing  tube 
carried  the  fixed  gases  to  a  gasometer,  where  the  volume  of  gases 
generated  could  be  measured.  The  apparatus  was  also  connected 
with  a  rotary  type  vacuum  pump  when  pressures  below  atmospheric 
were  used.  By  means  of  a  by-pass  connection  joining  the  outlet  and 
the  inlet  of  the  pump  the  valve  could  be  so  regulated  as  to  maintain 
any  desired  vacuum  down  to  one-thirtieth  of  an  atmosphere.  When 
pressures  higher  than  atmospheric  were  employed,  a  metal  tar  col- 
lector, a  connecting  pipe, 
and  a  pressure  -  release 
valve  were  used.  The  gas 
generated  in  the  furnace 
body  was  used  to  create 
the  pressure  on  the  sys- 
tem, which  was  controlled 
by  the  release  valve. 

The  electric-heating 
equipment  of  the  furnace 

body  permitted   the  aCCU-      FiourbIO.— Details  of  pressure  oonnecUons  of  apparatus  shown 
«.<%4-A  «Ar»^lA4;^«  r^f  4^r^^^-^^^^  *"  figure  9.    A,  lower  part  of  condenser,  with  steel  tar  ool- 

rate  regulation  of  tempera-      i^,  ^^^^.  ^^  p^,^,^  g^.  c,  pressuw-naease  valve. 
ture  up  to  1000°  C,  the 

temperature  measurements  being  made  by  means  of  a  thermocouple 
inserted  in  the  interior  of  the  furnace. 

PBrOCBDTTBE  IN  MAKING  A  BUN  OB  EXFBBDCBNT. 

The  apparatus  under  consideration  is  operated  substantially  as 
follows: 

By  passing  an  electric  current  through  the  resistance  wire  the  re- 
action chamber  of  the  tube  is  heated  to  the  temperature  desired 
for  the  material  to  be  cracked.  When  the  tube  and  the  small  metal 
balls  constituting  the  filling  material  have  attained  the  appropriate 
temperature,  the  valve  at  the  bottom  of  the  oil-feed  cup  is  opened, 
and  the  material  is  allowed  to  flow  by  gravity  into  the  upper  part 
of  the  tube  at  a  predetermined  rate,  a  certain  number  of  drops  per 
minute.  The  valve  at  the  lower  end  of  the  apparatus  is  closed  in 
order  to  bring  the  concentration  of  permanent  gases  to  a  desired 
point.  After  the  pressure  has  built  up  the  valve  can  be  opened  from 
time  to  time  to  release  the  excess  pressure  in  the  cracking  tube. 
Hydrocarbon  gases  pass  from  the  upper  part  of  the  tube,  which 
constitutes  the  gasification  zone,  downward  into  the  cracking  zone 
where  cracking  and  recombination  of  the  molecules  takes  place. 
After  having  passed  through  the  cracking  zone,  the  reaction  products 
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are  condensed  and  collected  in  a  suitable  receptade,  the  rate  of  flow 
£rom  the  reaction  or  cracking  zone  being  regulated  by  the  pressoie- 
release  valve. 

In  the  conduct  of  the  experiments  here  described  400  to  600  grams 
of  oil  were  run  through  the  furnace.  After  the  completion  of  the 
run  the  quantity  of  resulting  oil  was  determined,  and  the  deposited 
carbon  was  scraped  out  of  the  furnace  and  weighed.  The  evolved 
gas  was  collected  in  a  gas  holder  and  its  volume  measured  and  re- 
corded. Samples  of  evolved  gases  were  removed  from  the  gas  holder 
and  analyzed. 

DISTILLATIONS  MADE. 

Distillations  of  the  recovered  oib  were  made  in  250-0.  c.  flasks. 
The  neck  of  each  was  five-eighths  of  an  inch  in  diameter  and  6  inohes 
long,  and  fitted  with  a  5-inch  column  of  alimunxmi  beads  which  pro- 
duced a  still  head  of  the  Hempel  type.  Charges  of  200  grams  were 
distilled,  and  cuts  made  at  temperatures  of  150^  C.  and  higher  at 
intervals  of  50^  C.  The  type  of  apparatus  used  is  more  fully  de- 
scribed in  a  reoent  publication  by  two  of  the  authors.^* 

DBTBBMINATION  OF  SPBCIFIO  aBAVITY  AND  VISCOSITY. 

Specific  gravities  of  the  original  oils  and  distillation  cuts  of  recov- 
ered oils  were  determined  by  means  of  a  Westphal  balance  with  a  pkim- 
met  of  1  c.  0.  displacement,  or  else  with  Drushel-type  pycnometers.* 

Viscosities  for  original  and  recovered  oils  were  measured  by  the 
Engler  viscosimeter,  and  the  results  expressed  in  Engler  degrees, 
which  represent  the  ratios  between  the  rates  of  flow  of  oils  and  of 
water. 

Coincident  with  the  conversion  experiments  a  study  was  made  of 
the  relations  among  the  physical  constants  of  the  petroletmi  used. 
The  results  of  these  studies  have  been  already  presented.^ 

MAIN  FEATURES  OF  SZPEBIMBNTS. 

The  main  features  of  the  experiments  may  be  summarized  as 
follows : 

"RuN^'  OR  Major  Ezpbrdient. 

1.  Cracking  of  400  to  600  grains  of  oil  in  furnace  at  regulated  temperature  and  pres- 
sure. 

2.  Determination  of  quantities  of  oil,  gas,  and  carbon  resulting. 

Supplementary  Determinations. 

1.  Distillation  of  (a)  imcracked  oil,  and  (6)  cracked  oil. 

2.  Determination  of  specific  gravities  of  uncracked  oil,  cracked  oil,  and  individual 
distillation  cuts. 

•  Rlttman,  W.  F.,and  D«an,  E.  W.,  Asalytioal  dlstiUatkm  of  petroleum:  Jour.  Ind.  and  Bqg. 
Chem.,  YoL  7,  March  and  September,  19U,  p.  185-195,  754-700. 

b  Rittman,  W.  F.,  aad  Dean,  E.  W.,  Loc.  dt. 

e  Rlttman,  W.  F.,  and  Eglofl,  Qustav,  Relations  among  the  physical  constants  of  petroleum  distiOBttt: 
Jour.  Ind.  and  Eng.  Chem.,  voL  7,  July,  1915,  p.  578,  582. 
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3.  Detennination  of  viaooeity  and  refractive  index. 

4.  Chemical  tests  of  distiUateB. 
6.  Analyses  of  evolved  gases. 

BBSXJLT8  OF  EZPBBIHBNT8. 

The  results  of  the  experiments  conducted  are  given  in  Tables  5,  6, 
7,  8,  and  9.  Because  of  the  great  variety  of  data  presented,  the 
tesults  for  each  individual,  oil  have  been  incorporated  in  separate 
tables. 

Most  attention  was  given  the  three  United  States  oils,  namely,  a 
Pennsylvania  refined  burning  oil,  representing  the  paraffin  oils  of 
the  Appalachian  oil  fields,  an  Oklahoma  fuel  oil,  representmg  the 
mixed-base  oils  of  the  Mid-Continent  field,  and  a  Eem  River  crude 
oil,  typifying  the  oils  of  asphaltic  base  obtained  from  California. 
Sufficient  data  were  obtained  for  the  Mexican  and  Russian  oils  to 
show  that  in  spite  of  differences  in  physical  properties  and  chemical 
constitution  results  of  the  same  general  character  could  be  obtained 
as  with  petroleum  from  the  United  States.  All  of  the  oils  tested  were 
suitable  for  experimental  purposes  by  reason  of  their  freedom  from 
low-boiling  hydrocarbons. 

The  data  reported  here  are  only  those  that  were  generally  avail- 
able for  all  the  oils  used,  and  consequently  do  not  show  the  entire 
range  of  temperatures  and  pressures  embraced  by  the  experiments, 
although  they  cover  a  wide  range  and  embrace  the  conditions  of 
commercial  importance  in  the  cracking  reaction.  Lower  tempera^ 
tiures  than  those  shown  will  not  produce  a  decomposition  rapid 
enough  to  be  commercially  feasible,  whereas  the  extreme  high 
temperatures  produced  a  maximum  of  ultimate  end  products, 
namely,  carbon  and  fixed  gases.  The  range  of  pressures  used  was 
as  great  as  can  be  managed  in  an  apparatus  of  ordinary  construc- 
tion, in  conjunction  with  high  temperatures,  whether  in  small  or 
large  scale  operations.    Tables  5  to  9  follow. 
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Tablb  9. — RenUts  of  cracking  Ruinan  oil  under  various  conditions  of  temperature  and 

pressure, 

[Spwifio  gravity  of  origiiial  oU,  0.897;  visoosity  11.92''  Englv.] 


Tempwraiure,  *C 

Pressure,  atmosphores.... 

Oil  used,  grams , 

Oil  recovered,  per  cent.. 

Spedflcgraviiy  of  recovered  oil 

Visoosity  of  recovered  oil,  *  Engler 

Carbon,  i>er  cent 

Oas,  liters  per  kilogram  of  oil  used 

niuminants  in  gas,  per  cent 

Calorific  value  of  gas,  B.  t.  u.,  per  cubic  loot. 


Original  oil 


675 
12 

443 
28.3 
.965 


21.7 

506 

10.4 

1,472 


500 
12 

387 
77.3 
.880 
1.44 

0.0 

*i9.'6 
1,730 


RESULTS  OF  DISTILLATION. 


First  droD  at  *C 

40 

9t\ 

,        Temperature. 

Per 
cent. 

Spedflc 
gravity. 

Per 
cent. 

Specific 
gravity. 

Per 

cent. 

Specific 
gravity. 

100 

0.0 

0.0 

1.5 

10.7 

16.3 

80.5 
16.1 

4.7 
13.9 

5.9 

0.863 
.867 
.891 

Solid. 
.964 

7.3 

7.8 

5.7 

13.8 

16.5 

0.718 

IfiO 

.796 

200 

.829 

250 : 

0.836 
.859 

.856 

900 

.881 

Total  to  150 

0.0 
12.2 

46.6 
18.6 

.865 

15.1 
19.5 

.761 

Total  150  to  260 

.836 

.846 

The  features  of  most  importance  in  the  results  presented  in  the 
foregoing  tables  are  discussed  imder  their  appropriate  heads. 

OIL  BBCOVBBBD. 

The  relative  quantity  of  original  oil  recovered  is  a  factor  of  the 
highest  commercial  importance  in  any  cracking  process.  The  con- 
ditions under  which  the  experiments  were  conducted  were  such  as  to 
prevent  an  accurate  determination  of  the  yields  of  recovered  oil, 
especially  when  the  experiments  were  conducted  imder  pressure.  In 
such  tests,  the  pressure  was  built  up  by  the  gases  created  by  the 
cracking  of  the  starting  material.  In  order  to  obtain  the  pressure 
desired,  a  considerable  quantity  of  the  charge  of  oil  to  be  treated  was 
consumed,  as  it  had  to  be  completely  decomposed  in  the  building  up 
of  the  requisite  pressure,  so  that  the  quantity  of  oil  recovered  was 
materially  reduced. 

YThen  the  furnace  was  operated  at  the  lower  temperatures,  the 
furnace  body  had  to  be  superheated  at  the  start,  in  order  to  raise  the 
pressure  in  the  reaction  chamber  to  the  desired  mark  before  too  much 
of  the  original  material  had  been  run  through.  The  effect  of  this 
procedure  on  the  recovery  of  oil  may  be  gathered  from  the  following 
example: 

If  a  run  at  500^  C.  and  18  atmospheres  was  desired,  it  was  necessary 
to  start  the  furnace  at  750^  C.  and  at  atmospheric  pressure  and  to 
run  in  a  quantity  of  oil  imtil  the  pressure  reached  the  desired  height^ 

17945°— 16 5 
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after  which  the  temperature  was  allowed  to  fall.  Approxunately 
150  to  200  grams  out  of  the  total  charge  of  600  grams  was  consumed 
before  the  desired  conditions  of  operation  were  fixed. 

Thus  the  recoveries  are  low  for  pressure  reactions,  and  the  error  is 
rather  considerable  with  low  temperatures  and  high  pressures. 
These  effects  should  be  thoroughly  understood  in  considering  the 
yields  obtained.  For  comparative  purposes  the  results  as  recorded 
are  of  great  value  and  clearly  indicate  what  can  be  done.  At  the 
time  of  the  public  demonstration  at  Columbia  University,  those 
present  were  shown  clearly  the  possibility  of  making  gasoline  without 
evolving  gas,  once  the  pressure  had  been  built  up.  The  high  con- 
centration of  end-product  gases  in  the  reaction  zone  is  sufficient  to 
prevent  further  formation  of  these  undesirable  products.  With 
regard  to  the  modem  dynamic  conception  of  chemistry,  it  .may  be 
said  that  the  evolved  gas  enters  into  chemical  union  as  fast  as  it  is 
formed;  that  is,  a  state  of  equilibrium  exists. 

The  percentages  of  recovered  oil  on  the  basis  of  the  original  oils 
are  given  in  Table  10,  and  the  average  percentages  are  assembled  in 
Table  11. 

Table  10,— RuuUs  of  cracking  various  original  oiUj  showing  percentage,  by  weight,  of 

oil  recovered. 


Fomaco  oondi* 
tions. 

Percentage,  bv  weifht,  reoGtrered  from 
origmal  oila  from— 

Averafse 
percent- 
age re- 
ooyered. 

Temper- 
ature. 

Pre.ssure. 

Pemisyl- 
vania. 

OUar 
homa. 

Califor- 
nia. 

Ifexioo. 

•c. 

850 
850 
800 
750 
750 
750 
750 
650 
(XX) 

eoo 

600 
600 
600 
600 
550 
550 
500 
500 
500 
500 
500 
500 
450 
450 
400 

Atmoi- 
pheret. 

6 

< 

18 

12 

6 

% 

18 
24 
18 
12 
6 

12 

10 

9.7 

9.7 
28.6 
36.5 
19.1 
20.0 
18.3 
42.6 
8R.7 
34.2 
86.6 
51.4 
87.5 
40.4 
85.0 
39.3 
65.0 
63.3 
79.4 
72.9 
73.7 
89.4 
91.1 
75.2 
85.4 

23.1 
29.3 
20.2 
22.2 
17.5 
51.7 
88.7 
33.9 
35.6 
62.2 
37.3 
50.8 
100.0 
38.1 
55.0 
63.8 

34.2 
43.7 
21.1 
20.9 
20.9 
47.4 

15.9 
16.9 
16.5 
33.9 

37.3 

37.3 
40.5 
43.6 
31.4 
59.9 
97.4 

31.6 
33.7 
52.5 
43.9 
46.6 
81.8 
40.6 

47.2 

""'46.Y' 
66.0 

72.5 
79.4 
84.2 
57.8 
94.5 
100.0 

53.6 

88.2 
91.8 
99.0 
99.8 
76.9 
87.7 

64.8 
71.5 
91.3 
73.6 

54.5 

72.8 

73.5 

83.1 

75.4 

a  Vacuum. 
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Tabia  II. — SuTntiuBv  o/ rettdlt  of  encking  fimr  oUt,  thowina  variatwniin  oil  reeovered 

under  vari(nu  eondiJiont  oj  temperature  ana  ■pruivTt. 


Pmtan. 

*H>*C. 

socc. 

iWC. 

600*0. 

ewe. 

,«.-c. 

m-c. 

850*  C. 

^~*™- 

li 

R6.0 

1 

88.T 

if 

M.S 

1:! 

,1:S 

66.0 
M,3 

■    ■■  ■ 

Differences  in  the  original  oils,  whether  of  a  physical  or  chemical 
nature,  seem  to  have  had  little  influence  on  the  recoveries.    It  is  shown 


i 

H 
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FlOlTBE  11.— Carrca  npiamtliig  kwagg  naolts  ol  cncidng  Una  oDs,  showing  InHomee  ol  raryli 
psntuna  Mid  pressures  CD  qiiaDtK;ol  all  mOTHvdonliuls  ofjiriglnal  oB.    BasulU  lotblglur  pr 
low  on  KOount  ol  oil  oooiumed  In  bufldbiE  up  pnasoni. 
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clearly  and  is  brought  out  by  figure  11  that  the  percentage  of  recovery 
decreases  with  increase  of  temperature.  There  seems  to  have  been 
no  characteristic  variation  among  the  original  oib,  for  the  maximum 
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as  well  at  the  mmiTnuTn,  recovery  for  these  oils  at  the  varying 
temperatiires  and  pressures  recorded  seems  to  have  been  uniform. 
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At  the  higher  temperatures  there  appears  to  have  been  a  tendency 
toward  increased  yields  at  a  pressure  of  12  atmospheres,  and  a  falling 
off  for  the  higher  pressures  at  the  same  temperatures.    In  consider- 
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ing  yields  under  increased  pressure,  however,  the  conditions  of  the 
experunents  must  not  be  overlooked.  These  of  necessity  were  dis- 
tinctly disadvantageous  to  pressure  work.  The  influence  of  pressure 
at  constant  temperatures  on  quantitative  yields  is  graphically  shown 
in  figures  12,  13,  and  14. 


CABBON  FOBMATIOK. 


The  percentage  of  carbon  formed  in  any  cracking  process  is  like- 
wise a  factor  of  the  greatest  industrial  importance,  for  as  has  been 
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FIOUBX  14.— Coxres  showing  peroentageB  of  oil  reooyered  from  cracking  three  oils  under  varying  pressures 
at  750*  C.    Results  for  higher  pressures  low  on  account  of  oil  oonsdmed  in  building  up  pressures. 

pointed  out,  the  formation  of  carbon  in  tubes  of  small  internal  di- 
ameter has  been  considered  the  greatest  objection  to  their  use  in 
cracking  processes. 

Without  efficient  means  of  removing  carbon  that  might  form  in 
considerable  quantities,  the  operation  of  any  process  would  not  be 
continuous.  The  rapidity  with  which  carbon  forms  and  the  cost  of 
removing  carbon  will  be  decisive  factors  in  determining  the  commer- 
cial practicability  of  a  process. 

With  the  machine  used  in  the  present  experiments  little  carbon  is 
formed  in  the  range  of  temperature  and  pressure  favorable  for  gaso- 
line formation.  A  much  greater  quantity  of  carbon  is  formed  at  the 
temperatures  and  pressures  favorable  for  the  formation  of  aromatic 
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hydrocarbons.  Happily,  effective  mechanical  means  for  removing 
this  carbon  have  been  developed  in  the  large-scale  commercial  oper- 
ation, so  that  in  equipment  for  production  on  a  commercial  soale 
carbon  deposition  is  not  a  serious  factor.  The  percentage  of  carbon 
formed  in  the  experiments  was  determined  by  scraping  the  interior 
of  the  tubes  after  each  run  or  experiment  and  weighing  the  solid 
matter  thus  removed.  The  values  thus  obtained  for  the  various  oils 
used  are  given  in  table  12,  following. 

Table  12. — Residts  of  cracking  four  oils  under  varums  conditions  of  temperature  and 

pressure  showing  percentage  of  carbon  formed. 


Fmnaoeoondl- 
tions. 

Peraentage  of  carbon  formed  from 
original  oU  from— 

Average 

tion  re- 
covered. 

Temper- 
ature. 

PrasuPB. 

Pennsyl- 
"vanla. 

OUa- 

Califor- 
nia. 

Hexloo. 

•a 

850 
860 
800 
750 
750 
750 
760 
650 
600 
600 
600 
600 
600 
600 
650 
650 
600 
600 
600 
600 
500 
600 
450 
450 
400 

Atmot- 
phera, 
1 

W 
12 

6 

< 

18 

12 

6 

% 

18 
24 
18 
12 
6 

12 
10 

7.4 

7.4 

6.4 

5.5 

29.2 

23.8 

8.3 

13.1 

2.2 

17.1 

15.3 

10.7 

9.4 

8.1 

7.6 

15.1 

7.0 

6.8 

0.0 

8.0 

3.8 

8.6 

6.0 

0.0 

3.5 

13.8 

6.8 

4.1 

24.6 

20.0 

11.3 

4.1 

2.2 

17.2 

13.2 

6.7 

9.6 

3.1 

7.1 
6.0 
88.8 
86.2 
0.9 
8.7 

24.8 

16.8 

3.7 

16.1 

10.6 

7.5 
5.3 
8.6 
2.4 
0.6 
0.0 

26.7 
27.5 
19.3 
16.2 
12.3 
13.6 
21.1 

13.1 

16.4 
9.0 

0.2 
7.0 
4.6 

1.2 
0.0 
0.0 
0.0 
0.0 
6.0 

11.7 

1.4 
1.2 
0.0 
0.0 
0.0 
0.0 

14.5 

10.1 

8.7 

11.9 

16.2 

9.8 

5.1 

2.3 

'  is.  8* 

aVacanm. 


The  amount  of  carbon  formed,  together  with  the  volume  of  evolved 
fixed  gases,  is  a  valuable  index  of  the  percentage  of  total  decom- 
position as  contrasted  with  a  partial  alteration  or  cracking. 

The  differences  among  percentages  of  carbon  formation  may  be 
attributed  to  variations  in  both  the  physical  and  the  chemical  prop- 
erties of  the  oils  studied.  In  the  first  place,  the  average  size  of  the 
hydrocarbon  molecules  differed  widely,  the  heavier  oils  containing  a 
larger  percentage  of  high-boiling  constituents  which  were  decom- 
posed more  rapidly  by  heat  and  formed  higher  percentages  of  carbon 
and  fixed  gases.  The  asphaltic-base  California  and  Mexican  oils 
show  a  consistently  higher  carbon  percentage  at  the  varying  tem- 
peratures than  the  paraflBin-base  Pennsylvania  oil.  The  mixed-base 
Oklahoma  oil  is  intermediate.  The  Pennsylvania  oil,  which  con- 
sistently deposited  the  least  carbon,  was  a  water-white  burning  oil 
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(kerosene),  90  per  cent  of  which  distilled  over  at  a  temperature  of 
less  thai  250°  C.  The  Oklahoma  fuel  oil  gave  a  distillation  out  of 
22  per  cent  below  300°  C,  and  the  California  oil  gave  a  cut  of  only 
17  per  oent  below  300°  C,  whereas  the  Mexican  crude,  which  was 
"lighter"  than  the  California  oil,  gave  a  distillation  cut  of  37  per 
cent  below  300°  C.  Thia  Mexican  oil  seemed  to  have  the  peculiar 
physical  property  of  causing  considerable  heavy  tarry  material  to 
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D  cntddng  Kwr  ofla  under  vnryliig 

be  included  in  the  carbon  deposit,  so  that  the  figures  for  carbon 
formation  are  high,  and  the  figures  for  yields  of  recovered  oil  and  the 
specific  gravities  of  these  oils  are  conrapondingly  low.  However, 
experience  with  the  larger  tubes  has  served  to  indicate  that  on  a 
lai^er  scale  miich  more  favorable  results  cwi  be  expected  with  this 
oil  than  were  obtained  with  the  small  l^inoh  tubes  of  the  experi- 
mental apparatus.  The  characteristic  difference  is  shown  by  figures 
15,  16,  and  17. 


1^ 
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nonu  18,— Curvu  showing  poromtages  ot  a 

The  increase  in  the  amount  of  carbon  formation  at  the  tem- 
peratures favorable  to  the  manufacture  of  aromatic  hydrocarbons 
as  compared  with  the  relatively  lower  percentages  of  formation  under 
the  conditions  favorable  for  gasoline  formation,  is  probably  to  be 
explained  on  the  theory  that  production  of  gasoline  by  cracking  is 
a  simple  dissociation  process.  In  the  production  of  aromatic 
hydrocarbons  it  is  necessary  in  a  considerable  degree  both  to 
break  down  the  larger  molecules  to  ethylene  or   acetylene  hydro- 
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carbons  and  then  to  polymerize  these  onsatarated  hydrocarbons. 
Experiment  has  proven  that  aromaUc  hydrocaibons  are  polymeriza- 
tion products  of  acetylene  and  ethylene  hydrocarbons  as  well  as  the 
results  of  the  splitting  of  polycyclic  ocnnponnds.*    It  tiins  bectnnes 

necessary    to    employ 

the  high  temperatures 
S  favorable  for  ol^n  and 

^  acetone  formation 

H  and  the  high  pressures 

favorable  for  polymeri- 
H  Eation.    The  combina- 

g  tioD  of  these  two  factors 

*  results  in  a  higher  per- 

Q  centage  of  carbon  for- 

t^  mation. 

**  Thus,   it  is  evident 

that   because    of     the 

"    '  *  "      increase  in  carbon  for- 

PREsauRE,  ATM0SPHERB8.  matioH  With  inotease  in 

FiinTBI17.— CurTessbovteKperomUeMoftarbODfcrocdrram    temperatorc,   it    13    DOt 

«..cucg  tta».  ou.  undv  ™TiD,  ,»«».  «  7s«-  c.  commercially  desirable 
to  employ  the  highest  temperatures  favorable  for  forming  the  desired 
reaction  products,  but  instead  to  employ  a  mean  temperature  that 
will  give  a  favorable  degree  of  conversion  with  a  reasonable  pro- 
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duction  of  carbon.    This  consideration  is  of  moment  only  in  the 
manufacture  of  benzene  and  toluene. 

The  average  percent^es  of  carbon  formation  at  the  varying  tem- 
peratures and  pressures  are  presented  in  Table  13,  foUowing.  The 
curves  of  average  percentage  formation  at  temperatures  of  500°, 
600",  and  750"  C,  are  shown  in  figure  18. 

'Ipstleir,  W.,  Catalytic  reactloiisat  hl^  tampentur**  ud  pnaonsi  Polymcrlntlaa  ol  athytoaa: 
bydrocarboD  Bt  high  tsmpcrataru  and  preuuns:  Ber.  Daot.  ohem.  OeaalL.  Jahig.  i4,  B.  3,  ISll,  p.  lon, 
llcyir,  Richiird,  Pyroeeiilo  Acetylen-Kondrnsatlanni:  Bn.  Dsnl.  chem.  Oamll.,  Jmh^.  iS,  Bd.  3;  1S13. 
pp.  iaOD-IA33;  Meyer,  Richard,  and  T«ni«n,  A,,  Pyro  -  -  —  -  - 
OmbIL,  Jabri. «,  Bd.  S,  UI3,  pp.  SISMIM. 
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Table  13. — Summary  of  rendu  of  cracking  the  four  oiU,  showing  average  amount  of 
carbon  fanned  and  variations  in  amount  under  varUme  coTidUiona  of  temperature  and 
pressure. 


Pressure. 

Peroentage  ol  carbon  recovered  at  temperature  of— 

460*  C. 

600'C. 

550*  C. 

eoo^c. 

CSQ^C. 

760*  C. 

800»C. 

850»C. 

Atmotpheret, 

5.9 

3.e 

3.8 
8.0 
0.0 
5.8 

7.5 

8.1 

9.4 

10.7 

15.3 

17.1 

2.2 

13.1 

8.3 

23.8 

29.2 

5.5 

6.4 
7.4 

1... ::.:.:.:::: 

6 

12 

2.5 
0.0 

7.6"' 

15.1 

18 

24 

a  Vacuum. 

An  average  of  irregular  sets  of  figures,  suoh  as  those  obtained  for 
these  oils,  which  does  not  take  into  account  the  basic  differences  in  the 
oils  used,  is  necessarily  inaccurate.  However,  such  an  average  shows 
the  character  of  the  results  to  be  expected  at  the  various  reaction 
temperatures,  and  brings  out  dearly  the  characteristic  increase  of 
carbon  formation  with  increase  in  temperatures.  In  addition,  it 
indicates  that  carbon  formation,  as  is  to  be  expected,  is  favored  not 
alone  by  increase  in  temperature  but  also  by  increase  in  pressure  for  a 
given  temperature. 

SPECIFIC  GBAVrriES  OF  BBCOVBBBD  OILS. 

The  results  of  determinations  of  the  specific  gravities  of  the  recov- 
ered oils  are  presented  in  Table  14.  The  averages  of  the  values  for 
these  different  oils  at  each  temperature  and  pressure  are  given  in 
Table  16.  The  average  values  tend  to  give  a  clearer  conception  of 
the  changes  occurring  with  increasing  temperatures  and  pressures, 
although  on  account  of  the  conditions  prevailing  in  the  runs  they 
are  not  strictly  aocurate. 
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-Re$uUt  of  cracking  the  four  oils  under  various  conditions  of  temperature 
and  pressure  shovoing  specific  gravities  of  recovered  oUs, 


Fumaot 
oondltfcwM. 

Spadfle  gravi^  of  faoowed  oil  from 

Average 
speciflc 
gravity. 

Tempcr- 
atore. 

Ptbb- 
sure. 

PCDDSyl- 

vania. 

OUa- 
homa. 

Call- 
fofnia. 

Mflzico. 

•a 

860 
860 
800 
750 
750 
750 
750 
650 
600 
600 
600 
600 
600 
600 
560 
560 
600 
600 
600 
600 
600 
600 
460 
460 
400 

Atmot- 
pheru. 

K 

6 

< 

18 

12 

6 

18 
24 
18 
12 
6 

% 

12 
10 

1.028 

1.026 
1.011 
.990 
.965 
1.028 
1.048 

fkAJt 
mVV} 

.997 
.963 
.965 
1.040 
1.039 
.925 

1.025 
1.017 
1.022 
1.025 
1.092 
.963 

.910 
1.020 
1.012 

.905 

~:902 

.962 
.926 
.018 
.886 

.840 
.811 

1.006 
.073 
.907 
.931 
.906 
.809 

1.030 
.997 
.996 
.964 
.966 
.960 
.991 

1.000 
.965 
.940 
.933 
.926 
.903 
.991 
.908 
.882 
.819 
.880 
.868 
.885 

.882 
.868 
.934 

.941 

.992 
.942 

.908 
.877 

.826 
.810 
.808 
.810 
.790 
.802 

.942 

.870 
.867 
.872 
.901 
.882 
.833 

.925 
.928 
.939 
.950 

.918 

.980 

.800 

.924 

.034 

Specific  gravity 
of  orismal  oil . 

.802 

.804 

.970 

.966 

a  Vacaixm. 


Tablb  15. — Summary  of  results  of  cracking  four  oils  under  various  conditions  of  tem- 
perature  and  pressure^  lowing  average  specific  gravities  of  recovered  oUs, 


Pressure. 

Specific  gravity  of  cracked  oils  at  temperature  of— 

460»C. 

600*  C. 

550*  C. 

600»C. 

660*  C. 

750»C. 

80O*C. 

850*  C. 

Atmotfhere*. 

(a) 

a884 
.885 
.868 
.8H0 
.819 
.882 

aoos 

.926 
.933 
.940 
.965 
1.000 

0.946 

1.048 

1.028 

.965 

a990 

1.011 
1.026 

1.. ::.:::. 

6 

12 

a868 
.882 

18 

0.908 
.091 

34 

a  Vacuum. 
DISCUSSION  OF  TABULATED  RESULTS. 

For  the  purpose  of  more  clearly  depicting  the  effect  of  subjecting 
the  oils  to  the  experimental  temperatures  and  pressures,  the  curves  in 
figures  19,  20,  and  21  have  been  prepared,  showing  the  specific  gravi- 
ties of  the  recovered  oils  obtained  from  each  series  of  experiments. 

It  will  be  noted  that  the  differences  in  specific  gravity  among  the 
recovered  oils  are,  in  general,  in  the  same  order  as  the  gravity  differ- 
ences among  the  original  oils.  The  reaction  products  of  the  Penn- 
sylvania water-white  distillate  are  the  lightest,  those  from  the 
Oklahoma  residuum  rank  next,  and  those  from  the  California  crude  are 


EXPERIMENTS  LEADING  TO   DISCOVERT  OP  PR00EB8ES.  75 

the  heaviest.  The  specific  gravities  of  the  recovered  oila  from 
the  Mexican  crude  are  less  than  those  from  the  California  crude 
fllthoiigh  the  original  California  oil  was  the  lighter.    This  difference 
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is  to  be  explained  by  the  tendency  of  heavy  constituents  in  the  Mex^ 
ican  oil  to  become  mechanically  attached  to  the  carbon. 

In  general  the  results  clearly  indicate  that  increase  in  the  specific 
gravities  of  recovered  oils  is  coincident  with  increase  in  temperature 
(see  figs.  19,  20,  and  21).     Thfere  is  also  a  marked  tendency  toward 
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■red  from  cncUng  oils  QDdar  varylDg 

increase  in  gravity  with  increase  of  pressure  at  any  given  temperature. 
Deviations  from  this  general  rule  are  to  be  explained  on  the  basis  of 
experimental  error. 

The  average  specific  gravities  of  the  recovered  oils  have  been 
plotted  in  figure  22.  Although  this  manner  of  presentation  is 
imscientific,  in  view  of  the  basic  differences  in  the  original  oils, 
it  gives  a  good  general  idea  of  the  relative  inEuences  of  temperature 
and  pressure  on  tbe  oils  that  may  be  used  in  this  type  of  cracking 
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It  has  been  found  that  volatility  and  specific  gravity  are  the  most 
valuable  physical  constants  for  use  in  determining  the  nature  of  a 
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given  oil.    The  specific-gravity  method  of  determining  yields  of 
desired  products  in  the  recovered  oils  which  has  given  satisfactory 
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results  has  been  developed  through  experimental  research  extending 
over  a  period  of  years.     The  application  of  the  method  ia  more  fully 
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discussed  subsequently.  The  method  has  been  checked  with  nitra- 
tion methods  of  analysis,  and  has  been  foimd  dependable.  It  is 
as  reliable  as  any  analytical  method,  and  is  particularly  useful  in  the 
quantitative  determination  of  the  aromatic  hydrocarbons  in  a  given 
oil.  The  values  assumed  for  calculating  yidds  have  been  experi- 
mentally checked  and  proved  to  be  accurate.  The  chief  recom- 
mendations of  the  method  are  the  greater  facility  of  making  determin- 
ations and  its  accuracy. 

VIBOOSITY  OF  OIL  BBCOVBBBD. 

In  a  number  of  the  experiments  the  quantity  of  oil  recovered  was 
so  small  that  viscosity  measurements  could  not  be  made. 

The  values  that  were  obtained  are  given  in  Table  16.  The  most 
noticeable  feature  in  connection  with  these  figures  is  the  fact  that, 
although  the  original  oils  difiPer  widely  in  viscosity,  the  figures  for  a 
given  temperature  and  pressure  show  only  slight  variations.  This  is 
one  of  the  facts  that  tend  to  establish  the  conclusion  that  the  condi- 
tions imder  which  an  oil  is  treated  are  of  much  greater  influence  than 
the  physical  and  chemical  properties  of  the  oil.  For  example,  the 
ratio  of  viscosity  between  the  Pennsylvania  water-white  distillate 
and  the  Kern  River  crude  was  approximately  1  to  35,  whereas  the 
average  viscosity  ratio  for  the  recovered  oils  from  the  two  sources 
was  less  than  1  to  3.  At  pressures  above  1  atmosphere  this  ratio  was 
approximately  1  to  1.5. 

The  table  shows  that  for  temperatures  up  to  750®  C.  the  viscosity 
decreases  with  temperature  and  pressure.  Experimental  evidence 
obtained  at  higher  temperatures  proves  that  there  is  a  progressive 
increase  in  viscosity^at  temperatures  of  800®  C.  and  above.  Table  16 
follows : 

Tablb  16. — Results  of  cracking  five  oils,  showing  viscosities  of  oils  recovered. 


Fnziiaoe  oondltions. 

Viscosity  of  recovered  oil  from  original  oil  from— 

Tomper- 
atore. 

Pressure. 

P«m»7i- 
vania. 

Okla. 
homa. 

Callfor- 
nia. 

Mezloo. 

Russia. 

•c. 

800 

750 

eoo 

600 
600 
600 
650 
500 
600 
600 
500 
500 
500 
450 
450 
400 

Atmo^- 
pheret. 

6 

24 

18 

13 

6 

"\ 

12 
10 

1.64 
L44 
1.48 
1.06 
1.27 
7.29 
1.05 
1.26 

3.05 

1.04 
1.11 
1.00 

2.70 

1.79 
1.16 
1.96 

1.96 
6.78 

1.04 

.07 

.06 

.06 

1.00 

1.00 

1.04 

1.85 

1.32 
1.54 
2.51 
13.42 
1.50 
1.78 

1.36 
1.52 
6.16 

1.16 

L44 

1.88 

3.71 

1.02 

4.43 

VIOQSitT 

Dal  ou 

'  of  origl- 

1.05 

35.40 

35.70 

Over  350 

11.02 

a  Vaoaom. 
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It  has  not  been  considered  necessary  to  average  the  values  for  the 
various  oils,  as  consideration  of  the  results  obtained  for  any  one  oil 
will  be  found  sufficiently  suggestive.  For  ease  of  comparison,  the 
viscosity  values  for  the  Oklahoma  oil,  for  which  the  most  complete 
data  were  obtained,  are  grouped  in  Table  17.  The  table  shows  clearly 
that  for  runs  up  to  750°  C.  there  is  a  decrease  in  viscosity  with  in- 
crease of  temperature  and  pressure.  The  single  figure  obtained  for  a 
temperature  of  800°  C.  establishes  that  this  relation  will  not  hold 
true  for  higher  temperatures,  as  is  to  be  expected.  The  like  figure 
for  the  California  oil  is  in  substantial  accord.    Table  17  follows: 

Table  17. — Results  of  cracking  Oklahoma  JudroU  residuum^  showmq  effects  of  varying 

temperatures  and  pressures  on  viscosiiies  of  recovered  oils. 


PTBaBore. 

Vlsooslty  of  oils  recovered  at  temperature  of— 

m 

450*0. 

500*  C. 

650' C. 

eoo'C. 

7B0»C. 

800*  C. 

jfKeres. 
(a') 

13.43 
2.51 
1.54 
1.32 

7.29 
L27 
1.08 
L48 

1.44 

1.64 

\i»/. ... 

A      

12 

18 

24 

1.73 
1.50 

1.25 

1.05 

a  Vacuum. 
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The  volume  of  fixed  and  permanent  gases  (CH4,  H,,  CjHe,  etc.)  is  of 
large  commercial  importance  in  any  cracking  process.  These  gases 
are  imdesirable,  and  too  great  a  yield  means  a  considerable  increase 
in  the  cost  of  manufacturing  the  liquid  reaction  products. 

In  the  conventional  cracking  processes,  that  treat  a  large  volume  of 
liquid  at  a  given  time  in  a  still  or  other  large  retort,  the  evolution  of 
fixed  gases  in  the  continued  decomposition  of  the  hydrocarbon 
molecules  constitutes  a  serious  drawback  to  commercial  efficiency. 
The  gases,  being  lighter  than  the  liquids,  are  continually  passing  up 
and  out  of  the  sphere  of  reaction. 

This  volume  loss  due  to  evolved  gases  is  not,  however,  the  most 
serious  objection.  If  gasohne  formation  is  the  end  in  view,  each 
cubic  foot  of  gas  emitted  means  a  proportional  increase  in  the  quantity 
of  unsaturated  liquid  hydrocarbons  that  remain. 

A  little  methane  would  not  be  serious  in  itself,  but,  with  its  high 
hydrogen  content,  it  would  serve  to  saturate  much  of  the  remaining 
gasoline  hydrocarbons.  This  deficiency  in  saturation  makes  a  con- 
siderable difference  in  the  refining  loss  on  washing  with  sulphuric  acid. 
Experiments  showed  losses  from  washing  with  sulphuric  acid  varying 
from  2  to  60  per  cent.  The  sulphuric-acid  loss  is  entirely  a  function 
of  the  imsaturated  hydrocarbons  remaining  in  the  oil;  the  degree  of 
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unsaturation  is  in  turn  a  function  of  the  temperature  and  pressure 
prevailing  at  the  time  of  cracking.  For  a  given  temperature,  the 
percentage  of  unsaturated  hydrocarbons  appears  to  decrease  indefi- 
nitely ¥dth  increase  in  pressure.  For  a  given  pressure  the  degree  of 
unsaturation  increases  with  temperature. 

Gas  formation  is  favored  by  high  temperature  and,  therefore,  must 
occur  in  considerable  degree  when  hydrocarbons  are  cracked  imder 
a  high  temperature.  In  the  benzene-toluene  process  a  relatively 
large  amount  of  gas  is  evolved,  this  being  necessarily  one  of  the  accom- 
panying features  of  the  complete  decomposition  of  the  oil  necessary 
to  bring  about  the  formation  of  aromatic  hydrocarbons. 

An  important  question  is  that  concerning  the  commercial  value  of 
gas  so  formed.  In  some  experiments,  tx)nditions  did  not  permit  the 
obtaining  of  gas  samples  and  in  others  the  sampling  was  faulty. 
However,  the  data  obtained  are  sufficient  to  bring  out  several  impor- 
tant points. 

Actual  tank  readings  of  volumes  have  been  transformed  so  that  the 
figures  given  represent  the  volimies  (both  in  liters  and  in  cubic  feet) 
of  gases  generated  by  1  kilogram  of  oil.  These  volimies  represent 
air-free  gas  (hydrogen  and  hydrocarbons)  and  are  calculated  for 
standard  conditions  of  0^  C.  temperature  and  760  mm.  pressure. 

The  gas  produced  by  the  benzene-toluene  process  represents  a  val- 
uable by-product  that  will  help  to  offset  the  loss  caused  by  the 
decomposition  of  the  oil  into  fixed  gases  and  carbon.  In  fact,  it 
may  even  develop  later  that  the  permanent  gases  will  be  the  primary 
products  and  the  coadensable  liquids  the  by-products. 

The  most  important  comimercial  features  of  a  gas  are,  first,  the 
percentage  of  olefin  hydrocarbons  (illuminants)  it  contains,  and,  sec- 
ond, its  heating  value.  Figures  are  presented  in  Table  18  that  indi- 
cate the  properties  of  the  gases  evolved  in  the  course  of  the  present 
experiments. 

The  results  obtained  for  the  various  oils  agree  in  &  general  way  as 
to  the  volimie  of  gas  produced  and  clearly  indicate  that,  as  with  the 
other  factors,  conditions  of  operation  are  of  more  importance  than 
the  chemical  and  physical  dififerences  of  the  original  oils.  Only  a 
small  volimie  of  the  gas  is  evolved  at  the  temperature  favorable  for 
gasoline  production.  The  gas  produced  in  the  benzene-toluene 
process  is  sufficient,  however,  to  provide  adequate  heat  for  the  crack- 
ing operations  and  in  addition  to  leave  a  large  surplus  available  for 
general  plant  purposes  or  for  sale. 

A  fair  agreement  is  found  among  the  four  original  oils  in  the  matter 
of  illtmiinant  production.  The  results  again  emphasize  the  predomi- 
nating influence  of  temperature,  pressure,  and  concentration,  as  com- 
pared with  the  nature  of  the  oil. 
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The  calorific  ralueB  of  the  gasea,  caloolated  (m  the  baaia  of  British 
thermal  units  per  cubic  foot  of  gas,  prove  that  the  gases  produced  in 
the  benzene-toluene  process  constitute  a  most  satisfactory  fueL 
The  heating  values  are  greater  than  those  of  gof>d  natural  gas,  owing 
to  the  prasence  of  considerable  proportions  of  ethane  and  ethylene. 

The  experiments  being  ciMicwned  more  with  the  nature  and  the 
quantity  of  the  liquid  reaction  produots  than  with  the  gaseous 
products,  attention  was  ocmcentrated  on  the  former.  Too  much 
reliance  should  not  be  placed  on  the  percentages  of  gas  formed.     As 


PRESSURE,  ATU0SFHERE8. 


previously  stated,  in  the  authors'  small  experimental  operations 
building  up  pressures  consumed  a  lai^e  quantity  of  the  initial  charge 
of  any  oil  treated.  In  consequence  the  percentages  of  gss  formed 
were  greater  for  all  pressure  reactions  than  they  would  be  ia  large- 
scale  operations.  The  results  are  of  ralue  nevertheless  for  compari- 
son and  show  in  a  general  way  what  may  be  expected  under  varioiis 
temperature  and  pressure  conditions.  The  results  mentioned  are 
shown  in  Table  18.  The  percentages  of  gas  formed  are  shown  in  fig- 
ures 23,  24,  and  25. 
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Tablb  18. — Results  of  cracking  five  oiU  under  varioua  conditions  of  temperature  and 

pressure^  showing  quantities  of  gas  formed. 

PENNSYLVANIA  WATER-WHITB  BURNING  OIL, 


Furnace  ooup 
ditions. 

Oas  formed. 

Furnace  con- 
ditions. 

Qas  formed. 

Tem- 
pera- 
ture, 

•c: 

Prea- 
sure, 
atmos- 
pheres. 

Per- 
cent- 
age by 
welght.a 

Cubic 
feet 

1^0^ 

gram 
OfoU 
uaed.b 

Tem- 
pera- 
ture, 

•c. 

Pres- 
sure, 
atmos- 
pheres. 

Per- 
cent- 
age by 
weight.0 

Cubio 
feet 
per 
kilo- 
gram 
of  oil 
used.b 

850 
760 
750 
760 
750 
600 
600 
600 
600 

1 

12 
6 

18 

12 

6 

82.9 
69.8 
67.8 
79.8 
50.0 
65.2 
54.2 
62.8 
66.2 

28.9 

600 
600 
600 
500 
500 
500 
500 
500 
450 

1 

24 

18 

12 

6 

39.5 
2.6 
26.3 
20.3 
16.8 
42.2 
6.6 

''"i.'s* 

"6.' 59* 

"i'i" 

'*'."i87' 

21.9 
21.6 

"'8.48' 

OKLAHOMA  FUEL-OIL  RESIDUUM. 


850 
800 
750 
750 
750 
750 
600 
600 
600 
600 
600 

6 

18 

12 

6 

1 

71.1 
66.6 
65.2 
67.8 
71.2 
44.2 
48.9 
61.2 
31.1 
63.1 
46.1 

20.1 

600 
650 
660 
500 
500 
500 
500 
600 
450 
450 

18 
24 

12 
6 

1 
(0 

18 
12 

0.0 

52.7 

38.0 

81.6 

10.4 

7.0 

1.0 

.2 

23.1 

12.3 

1.36 
11.1 

"i.'so  " 

8.11 

21.1 
10.6 

13.9 
6.65 
12.6 
10.2 

CALIFORNIA  (KERN  RIVER)  CRUDE  OIL. 


850 
800 
760 
760 
750 
760 
600 
600 
600 
600 

6 

<\ 

18 

12 

6 

68.7 
49.4 
40.1 
42.9 
60.2 
43.9 
41.7 
38.8 
28.2 
89.9 

16.15 

600 
600 
650 
500 
600 
500 
600 
500 
450 

24 

12 

6 

41.1 
4.6 
38.3 
34.7 
20.7 
18.4 
6.0 
14.6 
22.3 

7.28 
1.17 
9.72 

"i.'ii" 

12.1 
2.66 

19.65 

17.60 

3.70 

13.60 

8.75 

11.10 

MEXICAN  CRUDE  OIL. 


760 
600 
600 
600 

1 

62.2 
89.7 
43.4 
25.0 

n.3 

8.82 
9.12 

600 
600 
400 

12 

1 

lOtoll 

29.3 
17.4 
12.7 

6.68 
6.22 

RUSSIAN  RESIDUUM  OIL. 


675 

12 

50.0 

17.8 

500 

12 

22.7 

a  Peroentaee  of  gas  fonned  was  calculated  by  difference.   Figures  are  necessarily  high,  as  experimental 
losses  are  included. 

ft  Siun  of  the  quantities  of  illuminants,  methane,  ethane,  and  hydrogen  as  indicated  by  analyses  of  gas 
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PRESSURE,  ATUOSPBERES. 
Tioumx  2<.— Cuivn  sbowlii;  perxatagia  of  gal  tanatA  tram  encklOK  OklBluiiu  tu 
Tuyfaig  lampanttara  uid  pranuna.    Rnulta  lor  tii^iv  pnosum  u*  high,  owlii 
baOOiofuppnKurm. 
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FtOintE  23.— Curm  showing  percmtBgca  o[  gta  lornted  [reim  cncUng  &  CaWonib  (KtmRfnr)  <:nidet(D 
wllh  var;liig  tempanturu  and  pmtuns.  Rnutls  Icu  hl^^ur  prassutas  va  bl^  bwaus*  ot  oil  ceQiaiiiad 
In  boUdbig  up  pnauna. 
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GASOUNS  FORMATION. 

To  set  a  satisfactory  standard  for  what  constitutes  gasoline  is 
difficult.  The  upper  lunit  of  temperature  of  the  so-called  gasoline 
fraction  in  the  distillation  of  refinable  crude  petroleum  is  being  ex- 
tended from  150^  to  170^  C,  and  perhaps  higher.  Furthermore, 
there  is  a  wide  variance  in  the  physical  properties  and  chemical  con- 
stitution of  the  oils  that  are  commercially  marketed  under  the  name 
of  gasoline.  These  differences  are  not  of  primary  importance  so  far 
as  this  report  is  concerned,  but  they  are  mentioned  to  show  the 
difficulty  of  adopting  a  reasonably  satisfactory  definition.  For  present 
purposes  the  magnitude  of  the  distillation  cut  at  150^  C.  obtained 
from  recovered  oil  is  used  as  a  measure  of  its  gasoline  content.  A 
report  now  in  preparation  will  deal  with  the  characteristics  of  the 
various  commercial  gasolines  and  their  suitability  for  various  uses. 

The  calculations  on  which  the  figures  for  quantitative  yields  are 
based  were  made  as  follows: 

The  amoimt  of  the  distillation  cut  below  150^  C.  for  the  original 
oil  was  deducted  from  the  like  figure  for  the  recovered  oil.  The 
figure  for  the  recovered  oil  was  then  reduced  to  terms  of  the  original 
oil|  showing  the  degree  of  transformation  into  gasoline  hydrocarbons 
boiling  below  150^  C.  Tables  19  and  20  show  the  results  obtained 
with  the  four  oils  mentioned. 

Table  19. — RegtdU  of  cracking  the  four  oils  under  vanoue  condUume  of  temperature 
and  pressure f  showing  pereetUage  of  gasoline  {distiUation  cut  up  to  150^  C)  obtained^ 
calciuated  on  basis  of  original  oU.^ 


Fumaoeooo- 
ditkms. 

PeroeDtag«  of  gasoline  formed  by  crack- 
ing  oil  from— 

ATHBga 

of 
sasoUne 
formed. 

Temperw 
ature. 

Pressuro. 

Pennsyl- 
Tania. 

Okla- 
homa. 

Call- 
fomia. 

Moxloa 

•c. 

850 
860 
800 
750 
760 
760 
760 
650 
600 
600 
600 
600 
600 
600 
650 
.     560 
600 
500 
600 
500 
600 
600 
450 
450 
400 

Amo9- 
pheru. 

< 

6 

K 

18 

12 

6 

'\ 

18 
24 
18 
12 
6 

K 

12 
10 

2.8 

2.8 

4.6 

7.2 

8.1 

6.7 

4.7 

6.1 

3.0 

12.8 

15.1 

12.9 

13.8 

11.2 

3.6 

12.3 

17.3 

16.2 

14.6 

13.7 

8.7 

4.9 

1.1 

9.4 

7.5 

7.1 

4.2 

6.6 

8.8 

6.8 

4.7 

7.6 

3.0 

12.9 

16.6 

12.1 

14.1 

12.7 

2.5 

12.4 

17.3 

14.0 

13.8 

10.9 

4.7 

.0 

4.8 
8.8 
10.0 
8.2 
5.1 
4.0 

6.5 
6.2 
4.3 
4.6 

4.6 

13.3 
15.8 
16.8 
10.0 
13.4 
.0 

10.7 
13.0 
11.8 
15.7 
10.6 
6.3 
12.1 

11.6 

8.1 
3.1 

18.1 

15.3 

16.0 

6.0 

2.7 

.0 

13.6 

14.3 

13.7 

7.0 

1.1 

14.6 
10.6 

9.4 

8.8 

6.5 

7.2 

7.1 

«  Results  for  higlier  pressuns  low  ofQ  aooount  of  oU  ooosnmed  in  building  up  preBsuree. 
»  Vacoom. 
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Table  20. — RemlU  of  cracking  four  oUs,  showing  effects  of  temperature  and  pressure  on 

average  percentixge  of  gasoline  formed.*^ 


PrwBure. 

PeroflQtage  of  gasoline  formed  at  temperature  of— 

450^C. 

awe. 

550*  C. 

ewe. 

6WC. 

7WC. 

awe. 

850*  C. 

Atmofpneres, 
(b) 

1.1 

4.9 

8w7 

13.7 

14.6 

15.2 

3.6 
11.2 
13.3 
12.9 
15.1 
12.3 

3.0 

5.1 
4.7 
6.7 
8.1 

7.2 

4.5 
2.3 

1 

6 

12 

7.5 
9.4 

18 

17.3 
12.3 

34 

, 

a  Remits  for  higher  presBuree  low,  owing  to  oQ  oonsamed  In  building  up  praBSore. 
b  Vacuum. 


COMMENTS   ON  RESULTS   OF  CBACKINO   OILS  TO   OBTAIN  GASOLINE. 

The  ease  with  which  the  gasoUne  process  can  be  operated  and  its 
freedom  from  mechanical  difficulties  makes  the  highly  favorable 
results  shown  by  these  experiments  of  fimdamental  interest  to  refiners 
and  to  that  part  of  the  pubUc  desiring  a  cheap  and  satisfactory  motor 
fuel. 

In  considering  the  percentages  of  gasoline  formation  presented  in 
Table  19  the  reader  should  remember  that  the  small  quantities  of  oil 
used  for  each  experiment,  and  the  necessity  of  consuming  a  relatively 
high  percentage  of  the  charge  to  build  up  pressures,  made  the  yield 
of  gasoline  much  lower  than  can  be  expected  in  large-scale  opera- 
tions in  which  such  losses  would  be  so  minimized  as  to  be  almost 
negUgible. 

In  addition,  condensation  was  by  no  means  as  efficient  as  that 
which  would  be  obtained  in  large-scale  operations.  The  results  from 
the  use  of  the  larger  tubes  indicated  that  a  considerable  percentage  of 
the  lighter  and  more  volatile  liquid  products  were  mechanically  carried 
over  by  the  fixed  or  permanent  gases,  and  hence  were  lost  so  far  as  the 
recovered  oil  was  concerned. 

The  most  noticeable  feature  of  the  results  presented  is  the  agree- 
ment in  the  values  for  the  various  oils  used  for  the  respective  tempera- 
tures and  pressures.  Here  again  it  is  evident  that  differences  in  the 
original  oils  are  of  secondary  importance  as  compared  with  the  effect 
of  conditions  of  temperature  and  pressure. 

As  would  be  expected,  the  higher  temperatures,  for  example 
700**  C,  were  distinctly  unfavorable  for  gasoline  formation.  The 
degree  of  formation  of  the  end  products,  carbon  and  gas,  iJs  too  great. 
The  results  presented  in  the  table  indicate  that  temperatures  ranging 
between  500**  and  600®  C,  preferably  in  the  neighborhood  of  550**  C, 
are  most  favorable  for  gasoline  formation.    Further  experiments  with 
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large-sizetubeshaveconfirmed  thisindication.  Figure  26,  ahowing  the 
curves  of  average  percentages  of  gasoliae  formation  for  the  oils  used, 
clearly  indicates  the  favorable  range  of  temperatuire  of  the  process. 


FREBSimE,  ATUOBPHERE8. 

PlQUU  3S.— CuTVM  represecUtig  kvaiBpi  multa  ol  nacUng  oili,  showtng  tnflaaoce  ot  nrylae  ternpna-' 
tuni  ■ndprtnurn  on  loniiUko  of  guoUnethrdruarboDB  distilling  op  to  150°  C.).  R«iilta  for  blghfr 
pmBom  kv,  ovEng  to  oil  ttnmined  Id  Imlldliig  up  pramm. 

Figures  27,  28,  and  29  give  the  percentages  of  gasoline  formed 
from  the  Pennsylvania,  Oklahoma,  and  Cahf  omia  oils  at  constant  tem- 
peratures of  500°,  600°,  and  750°  C.,  and  at  varying  pressures.  That 
high  pressures  are  favorable  for  the  desired  reactions  is  clearly  indi- 


:,  ATU08PBERES. 

Tiomi  IT,— Cium  Bbowing  ptraaAagm  of  ga»11ne  (li;drocarbanii  dlBtfUlng  up  to  150*  C.)  fanned  from 
owskteg  four  ofia  nndiii  vBiytng  pnsiura  at  500'  C.  Rimlti  fur  highdr  pr«i>ure  low,  owing  to  oil  nm- 
nnuid  Id  bulldltig  ap  prmsura. 

cated  as  the  yield  increased  progressively  with  pressure.  The  contrary 
indications  for  the  pressure  of  24  atmospheres  are  to  be  explained 
on  the  basis  of  the  greater  volimie  losses  due  to  the  building  up  of 
high  pressures. 
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aPEOirto  GBATrriES  of  the  two  obnebal  classes  op  low-boiuno 

HTSBOOABBONS  BBOOTEBED. 

It  should  be  noted  that  although  there  seems  to  be  no  cha^acte^ 
istic   difference    between 

the  percentage  results  for  I 

distillation  cuts  at  150"  C.  | 

obtained    from    runs    at  g 

500'  and  at  600'  C,  there  | 

were  considerable  differ-  i. 

ences  among  the  physical  | 

and  chemical  properties  | 

of  products  obtained  in  §  | 

the  same  quantity  at  the  « | 

temperatures  mentioned. 
This  detail  may  be  ob- 
served by  comparing  the 
figures  forspecificgravity. 
The  magnitudes  of  the 
differences  are  indicated 
m  Table  21. 

The  obvioiis  inference 
18  that   the  "gasolines"  g  ^S 

formed    at   600°  C.  con-  g  s* 

tain  aromatic  compounds,  ^  ]  I 

as  in  no  other  way  is  the 
combination  of  high  spe- 
cific gravity  and  low 
boiling  point  explainable. 
The  actual  isolation  of 
benzene  and  toluene  from 
these  distillates  and  their 
identification  by  chemical  1^ 

reactions  was   brought  g| 

about  to  fumiah  absolute  fa 

assurance  that  their  for- 
mation had  been  accom- 


i 


As  far  as  the  general 
features  of  the  gasoline  I 

are  concerned,  itpossesses 


the  characteristic  odor  of 

crackedreactionproducte,  ■^''^='  «"''  *«*"«'**  SNnosro 

but  may  be  freed  readily  from  the  greaterpart  of  this  odor  by  treatment 
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PRESSURE,  ATMOSPHERES. 

Piouss  29.— Curves  ahowing  peroentages  of  gasoline  (hydrocarbons  distilling  up  to  150*  C.)  formed  from 
cracking  tbree  oUs  under  varying  pressures  at  750*  C.  Results  for  hi^^er  pressures  low,  owing  to  oU 
coBsumod  in  building  up  ^essures. 

with  sulphuric  acid.  The  effect  of  pressure  on  the  relative  propor- 
tions of  unsaturated  products  formed  has  already  received  com- 
ment.   Table  21  showing  the  data  mentioned  follows. 

Tablb  21. — Differences  in  specific  gravity  of  cuts  up  to  150^  C.  /rem  oils  cracked  at  like 
pressureSy  arid  temperatures  of  600^  and  500^  C,  {Showing  differences  between  gaso- 
line and  aromatic  hydroearhons.) 


Pressure. 

Difference  in  specific  gravity  in  oil  f rom— 

Pennsyl- 
vania. 

Oklahoma. 

Oalifomia. 

Mexico. 

Atmorj^tere. 

6 
12 
18 
24 

0.009 
.032 
.042 
.070 
.086 
.088 

0.046 
.081 
.061 

a  043 
.051 
.056 

a  046 

.082 

.111 

.053 

a  Vacuum. 


PROPERTIES   OF  CRACKED  GASOLINE. 

As  regards  the  general  properties  of  hydrocarbons,  the  properties 
of  a  gasoline  may  be  lai^ely  predicted  if  its  method  of  production  is 
known.  The  presence  of  olefins  does  not  introduce  much  change  in 
physical  properties,  but  olefin  formation,  which  is  bound  to  occur  to 
some  degree  when  cracked  gasoline  is  produced,  is  invariably  accom- 
panied by  the  formation  of  aromatic  hydrocarbons,  and  these  increase 
the  specific  gravity. 

Table  79  (p.  212)  shows  the  relative  boiling  points  and  specific 
gravities  of  these  various  hydrocarbons.  The  data  mentioned  indi- 
cate that  one  should  not  expect  the  same  gravity  in  a  cracked  gaso* 
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line  as  prevails  in  a  straight  distillate  gasoline.  As  previonslj  men- 
tioned, the  introduction  of  cracked  gasolines  and  especially  blended 
gasolines,  has  caused  the  use  of  specifio-gravity  values  as  means  of 
identification  to  be  of  little  value.  To  learn  the  character  of  a  gaso- 
line, one  must  determine  other  important  properties  such  as  distillar- 
tion  range,  behavior  toward  chemical  reagents,  and  explosive  enei^. 

Many  persons  believe  that  a  cracked  gasoline  can  be  made  to  pro- 
duce more  power  than  a  "straight"  distillate  gasoline.  On  the  basis 
of  heating  value  it  is  at  least  as  valuable.  The  situation  as  r^ards 
the  identification  of  gasoline  is  almost  directly  analogous  to  that  in 
the  illuminating-gas  market  where  the  old  standard  of  candlepower 
largely  prevails  instead  of  the  more  significant  basis  of  heat  units. 

Because  of  the  increasing  demand  for  gasoline,  the  user  will  soon 
have  to  take  cracked  gasoline  regardless  of  his  prejudices.  As  quan- 
tities of  it  are  being  put  on  the  American  market  to-day  scientific 
information  concerning  its  constituents  and  the  proper  methods  of 
using  it  seems  desirable.  Work  toward  this  end  is  now  in  progress 
in  the  petroleum  laboratory  of  the  Bureau  of  Mines.  It  is  fully 
expected  that  satisfactory  utilization  of  cracked  gasoline  in  internal- 
combustion  engines  will  be  obtained  with  proper  admixture  of  air. 
In  Europe  to-day,  where  the  pleastire  car  is  second  in  consideration 
to  the  commercial  motor-driven  vehicle,  a  great  variety  of  mixtures 
are  in  use,  including  alcohol,  benzene  from  coal  tar,  and  blended  oils — 
in  fact,  a  variety  of  materials  that  were  previously  considered 
imfitted  for  such  purposes. 

The  authors  believe  that  too  much  stress  has  been  placed  on  the 
specific  gravity  of  a  gasoline  as  an  index  of  suitability  for  a  motor 
fuel,  and  that  as  regards  efficiency,  it  is  mu^h  more  important  to  buy 
on  the  basis  of  the  percentage  boiling  above  and  below  a  given  tem- 
perature. On  this  basis  a  cracked  gasoline  is  as  good  as  a  gasoline 
obtained  through  any  other  process  known  to  the  industry. 

One  characteristic  of  a  cracked  gasoline  is  slower  combustion  in 
an  engine.  The  explosive  energy  seems  to  be  distributed  evenly 
throughout  the  entire  stroke  of  the  piston,  whereas  the  ''straight'' 
distillate  tends  to  develop  power  much  more  rapidly.  The  difference 
in  effect  of  the  two  gasolines  is  particularly  noticeable  when  the 
automobile  containing  the  engine  is  being  driven  up  hill. 

CONCLUSIONS  AS  TO  GASOLINE  FORMATION. 

It  appears,  therefore,  that  all  the  products  of  petroleum  from  the 
lightest  distillates  to  the  heaviest  residuum,  including  heavy  crude 
oils  of  an  asphaltio  nature,  such  as  crude  Mexican  and  California  oils, 
can  be  successfully  cracked  and  large  yields  of  gasoline  hydrocarbons 
obtained. 
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It  should  be  noted  that  the  production  of  gasolme  hydrocarbons 
from  a  given  quantity  of  original  oil  is  not  limited  to  the  first  run,  but 
that  the  residuum  above  the  gasoline  fraction  can  be  rerun' through 
the  fmnace  and  a  like  proportion  of  cracked  gasoline  obtained.  The 
process  may  be  repeated  imtil  the  oil  has  been  completely  converted. 
In  this  maimer  50  to  60  per  cent  of  the  original  oil  can  be  converted 
into  gasoline,  as  has  been  repeatedly  demonstrated  with  the  small 
laboratory  apparatus  used  by  the  authors. 

The  favorable  conditions  for  gasoline  formation  seem  to  be  moderate 
temperatures  and  high  pressures.  In  commercial  work,  a  temperature 
ranging  between  500^  and  550^  C.  and  a  pressure  of  12  atmospheres 
and  upward  will  be  found  suitable,  as  high  a  pressure  as  can -be  main- 
tained within  the  limits  of  safety  being  desirable,  because  of  the 
improved  quality  of  the  gasoline. 

FOKICATION  OF  ABOMATIG  HYDBOOABBOK8. 

The  experiments  herein  described  have  served  to  determine  the 
most  favorable  conditions  for  transforming  petroleum  into  aromatic 
hydrocarbons.  It  has  long  been  known,  as  noted  in  the  earUer  part 
of  this  report,  that  aromatic  hydrocarbons  can  be  produced  from 
certain  types  of  petroleum,  but  it  has  never  been  established,  prior 
to  the  experiments  mentioned,  that  aromatic  hydrocarbons  can  be 
produced  in  considerable  quantities  from  any  type  of  oil,  whether 
the  oil  has  a  paraffin,  an  asphaltic,  or  a  mixed  base,  or  whether  it 
contains  appreciable  or  sUght  quantities  of  naphthenes  or  nitrogen, 
or  any  other  constituent. 

The  authors'  experiments  demonstrated  that  the  type  of  oil 
selected  for  treatment  is  of  relatively  little  importance  as  compared 
with  the  control  conditions  and  this  has  been  verified  in  operations 
on  a  large  scale. 

The  distinguishing  characteristic  of  aromatic  hydrocarbons,  as 
compared  with  paraffin  or  olefin  hydrocarbons  of  equivalent  boiling 
points,  13  their  greater  density,  or  higher  specific  gravity.  For 
example,  benzene,  which  boils  at  80.4*^  C,  has  a  specific  gravity  of 
0.883;  and  toluene,  with  a  boiling  point  of  110.3^  C,  has  a  specific 
gravity  of  0.872,  whereas  heptane  and  octane  boil  at  98®  and  125.5®  C. 
and  have  specific  gravities  of  0.708  and  0.712. 

DETERMINATION  OF  ABOMATIO  HYDBOOARBONS  IN  OBAGKED 

PETBOLEUM. 

PHTSIGAL  PBOPERTIBS  CONSn>EKED. 

In  determining  the  quantitative  yields  of  the  aromatic  hydro- 
carbons in  the  recovered  oils  the  determination  of  each  of  the  follow- 
ing physical  properties  was  suggested  as  of  possible  utihty:  Solu- 
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bility,  melting  point,  boiling  point,  specific  gravity,  refractive  index, 
surface  tension,  viscosity,  and  "molecular  weights"  (eflFect  on  boiling 
point  or  freezing  point  when  in  solution).  If  the  constituents  of  a 
mixture  differ  as  to  the  first  three  of  these  properties,  an  actual 
separation  may  be  possible.  The  other  properties  can  at  most 
serve  only  as  a  means  of  differentiating  the  constituents. 

Surface  tension  is  readily  influenced  by  the  presence  of  small 
quantities  of  impurities  and,  in  the  absence  of  definite  knowledge 
concerning  its  nature,  is  of  little  service.  "Molecular  weights"* 
have  been  shown  to  be  unreliable  even  when  determined  for  mixtiires 
that  are  chemically  more  homogeneous  than  those  obtained  in  the 
present  work. 

The  refractive  index  is  related  closely  to  specific  gravity,  and  on 
account  of  that  relation  did  not  demand  special  consideration. 
Viscosity  is  not  an  additive  property.  In  actual  fact,  information 
was  needed  regarding  only  the  first  four  of  the  properties  listed. 

A  consideration  of  actual  conditions  revealed  the  following  state  of 
affairs:  The  cracked  petroleum  oil  is  a  complex  mixture  containing 
a  series  of  aromatic  hydrocarbons,  of  which  the  most  important  are 
benzene,  toluene,  and  xylene.  "Xylene"  represents  a  mixture  of 
the  three  isomers,  the  properties  of  which  are  closely  related.  Higher 
aromatic  hydrocarbons  ar&  likewise  present,  and  work  is  at  present 
in  progress  for  the  purpose  of  studying  methods  for  separating  and 
determioing  them.  In  the  mixture  are  also  considerable  quantities 
of  nonaromatic  hydrocarbons  of  various  classes  and  of  almost  all 
boiling  points.  Thus,  it  appeared  improbable  that  the  desired 
separation  and  estimation  might  be  accomplished  by  making  use  of 
any  one  property. 

Separation  through  differences  in  boiling  point  needs  little  discus- 
sion. That  benzene,  toluene,  and  xylene  can  be  separated  by  distil- 
lation is  indicated  by  the  differences  in  their  boiling  points,  which 
are  as  follows:  Benzene,  80.4°  C.;*  toluene,  110.3**  C.,-*'  xylene,  138'' 
to  142°  C.*' 

However,  although  the  three  aromatic  hydrocarbons  may  be 
separated  from  each  other  by  rectification  they  can  not  be  isolated 
from  the  aliphatic  hydrocarbons  that  are  pr^ent  in  the  cracked  oil 
and  have  boiling  points  approximately  the  same  as  those  of  the 
benzene,  toluene,  and  xylene.    In  the  determination  of  the  aromatic 

•  Rtttman,  W.  F.,  and  EglofT,  Oustay,  R«latloD8  among  the  physioal  oonstaats  of  petroloom  distil- 
Istea:  Jour.  Ind.  and  Eng.  Ch^m.,  vol.  7,  July,  1916,  p.  583. 

b  Knops,  Carl,  O'ber  die  Molekolarrefraktlon  der  Isomerieen  Fumar-Ma]«Ins&ure,  Mesacxiik^TItraooii- 
Itaoonfi&are  und  des  Theophens  und  Ihre  Besiehung  zur  chemischen  Constitution  diesen  Sabstansan: 
Ltoblg's  Annalen,  Bd.  348, 1888,  p.  176. 

c  Landolt,  H.,  and  Jahn,  H.,  ttlier  die  Motakularrefkuktion  einiger  elnfacher  organlscher  Verbindimgai 
Cflr Strahlen  von  nnendlich  grosser  WaOanUaga:  Ztschr.  phys.  Chem.,  Bd.  10, 1892,  p.  303. 

d  Barbier,  P.,  and  Roax,  I>.,  Reehendxes  aor  la  dispersion  dans  lea  compose  aromatiqaes:  BuIL  Soe. 
idilm.  Paris,  ser.  8,  t.  3, 1890,  pp.  366-3S1. 
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compounds  the  wide  differences  between  the  specific  gravities  of  the 
aromatic  hydrocarbons  and  those  of  the  other  constituents  of  approxi- 
mately like  volatility  were  of  great  aid.  These  differences  are  shown 
in  Table  22. 

Tablb  22. — IHfferenoes  in  specific  gravily  of  parafin  and  aromatic  hydrocarbons  having 

approacimoiely  the  same  boiling  points, 

PARAFFIN  HYDROCARBONS. 


Hydrocarbon. 

Boiling 
point. 

• 

Spedflo 
gravlty.a 

Dimethyl  pcntaxu} 

•a 

86 

108.5 
6  131.5 

0.711  at  O'C. 
.713atO''C. 
.  732  at  12. 7"  C. 

Dlisobuty  1. 

Nonanf^.'. 

AROMATIC  HYDROCARBONS. 


Benzene. 

Toluene 

Xylene  (ortho). 
Xylene  (meta). 
Xylene  (para).. 


80.4 
110.3 
142 
139 
138 


0.876  at  20*  C. 
.  871  at  14. 7*  C. 
.885  at  14.1*  C. 
.  869  at  15. 7*  C. 
.  866  at  14. 7*  C. 


a  Determined  at  temperature  shown. 


b  Determined  at  pressure  of  751  nun. 


The  specific  gravity  of  any  compound  may  be  easily  and  accurately 
determined,  and  its  determination  was  suggested  as  a  satisfactory 
method  of  differentiating  between  compoimds  that  are  alike  in  the 
property  of  volatiUty. 

The  use  of  dimethylsulphate  as  a  solvent  has  been  investigated  by 
Valenta,^  Perkin  and  Harrison,*  Chapia,*'  Reeve  and  Lewis,^  Som- 
mer,*  Church  and  Weiss/  and  by  Rittman,  Twomey,  and  Egloff.^ 
The  only  logical  conclusion  to  be  had  from  a  review  of  these  researches 
is  that  this  method  is  not  to  be  recommended. 

Owing  to  the  relatively  high  freezing  point  of  benzene,  various 
investigators  have  recommended  that  the  benzene  content  of  a  given 
oil  be  quantitatively  estimated  by  a  freezing  method. 

Some  experiments,  therefore,  were  conducted  with  known  mixtures 
of  benzene  and  unrefined  gasoline  with  a  specific  gravity  of  0.728. 

o  Valenta,  E.,  ttber  die  Verwendung  yon  DimethylsuJ&t  ram  Nachweis  und  sor  Bcstimmung  von 
Teer<51ca  in  gemischen  mit  HanSlen  und  Mineral51en  nnd  dessen  Verhalten  gegen  fette  Ole,  TerpentinSl, 
und  PinoUn:  Chem.  Ztg.,  Jahrg.  30,  Mar.  28, 1006,  pp.  266-267. 

b  Perkin,  F.  W.,  and  Harrison,  T.  W.,  The  action  of  dimethylsuli>bate  on  oils  of  the  aromatic  and 
aliphatic  series:  The  Analyst,  vol.  33,  January,  1006,  pp.  2-11. 

c  Chapin,  R.  M.,  Dimethylsulphate  test  for  creosote  oils  and  creosote  dips:  Circular  167,  Bureau  of  Ani- 
mal ludus^,  1911,  pp.  1-7. 

d  Reeve,  C.  S.,  and  Lewis,  R.  H.,  AppUcatian  of  dimethylsulphate  test  for  detenninlng  small  amounts 
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The  mixtures  were  treated  at  three  temperattires.  Melting  ice  gave 
a  temperature  of  0^  C.  A  mixture  of  ice  and  salt  gave  a  temperature 
of  —20*^  C.  A  temperature  of  —40°  C.  was  obtained  by  miyiTig 
carbon  dioxide  with  an  excess  of  acetone  in  a  Dewar  flask. 

At  0°  C.  the  only  mixture  to  solidify  within  a  reasonable  time  of 
treatment  was  the  90  per  cent  mixture,  which  gave  a  recovery  of  20 
per  cent.  In  each  experiment  the  mixture  was  kept  at  the  required 
temperature  for  15  to  20  minutes  with  constant  stirring.  Further- 
more, inoculation  of  the  solution  yielded  no  different  results.  At 
-  20"*  C.  results  were  obtained  as  shown  in  Table  23.  At  —  40**  C. 
results  were  obtained  as  shown  in  Table  24. 

These  results  indicate  that  benzene  crystals  tend  to  include  so 
much  mother  liquor  that  the  freezing  method  for  determining  benzene 
is  unreliable.  It  appears  also  that  in  the  presence  of  an  excess  of 
nonaromatic  constituents  the  benzene  crystals  may  be  either  pre- 
vented from  separating  out  or  may  be  dissolved  as  soon  as  formed. 
In  any  event  the  freezing  method  seems  to  have  little  to  recommend  it. 
The  tables  (23  and  24)  follow. 

Table  23. — Percentages  of  solids  formed  when  heneene-gasoline  mixtures  were  cooled  to  a 

temperature  of  ^20^  C. 


Percenta<;e 

Percentage, 

Test  No. 

of  benxene 

by  volume, 

in  mixture. 

soUdlfying. 

1 

90 

100 

2 

80 

100 

3 

70 

100 

4 

60 

40 

6 

50 

25 

6 

40 

0 

7 

ao 

0 

8 

ao 

0 

9 

10 

0 

Tablb  24. — Percentages  of  solids  formed  when  henzene*aasoline  mixtures  were  cooled  to  a 

temperature  of  —40^  C. 


Test  No. 

Percentage 
ofbenxene 
in  mixture. 

Percentage, 
by  volume, 
solidifying. 

1 

2 

3 

4 

5 

6 

7 

8 

0 

90 
80 
70 
00 
50 
40 
30 
20 
10 

100 

100 

100 

100 

100 

95 

40 

10 

0 

Previous  considerations  indicated  that  the  most  promising  physical 
property  on  which  to  base  an  analytical  method  was  specific  gravity. 
By  making  use  of  the  differences  in  gravities  of  aromatic  and  non- 
aromatic  hydrocarbons  boiling  at  the  same  temperatures  it  was  pos- 
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aible  to  estimate  with  Bome  occuracj  the  content  of  aromatic  hydro- 
carbons. This  method  required  a  knowledge  of  tiie  average  specific 
gravity  of  nonaromatic  constituents,  and  values  were  assumed  that 
had  been  indicated  as  the  result  of  much  experience.  In  order  to 
check  these  the  aromatic  content  of  various  distillates  was  deter- 
mined by  the  standard  chemioal  method  of  nitration  «  A  close  agree- 
ment was  noted  among  results  obtained  by  the  two  methods — the 


SPECIFIC  QHAVITY  OF  CUT  TO  BS'  C. 


tedious  one  of  nitration  and  the  simple  one  of  specific  gravity.    The 
results  of  the  determinations  appear  in  Table  25  and  in  figure  30 


SpeeiBo 

^l.^r' 

TsluMin 

fH^ 

gravlly. 

flguma. 

In  order  to  verify  the  results  obtained  in  the  course  of  this  investi- 
gation four  samples  were  sent  to  laboratories  that  specialize  in  the 
examination  of  hydrocarbon  mixtures.  These  laboratories  worked 
independently  on  samples  of  a  cracked  oil  and  on  a  distillation  cut 
up  to  200"*  C.  obtained  from  the  latter,  the  distillate  representing 

a  Longe,  OMTg,  C«b1  tar  and  ammonia,  ttli  *d.,  TOL  3,  low,  p.  TW. 
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more  than  42  per  cent  of  the  cracked  oil.    The  resultB  of  the  analyscB 
are  shown  in  Table  26. 

Tablb  26.— Rendu  of  analyses  of  cracked  petroleum  for  hemene  and  toluene  from  teaU 

perforfMd  independently  in  varioue  laboralories. 


AiMlysisNo. 

Cracked  oU. 

DistmaUon  cot. 

Beniene. 

Tdneiio. 

Benzene. 

Toluene. 

1 

Percent, 
10.50 
11.08 

Percent, 
11.50 
11.83 

Percent. 
29.00 
23.20 
39.91 
30.20 
20.20 

Percent, 
26.25 
26.20 
23.55 
24.80 
23.80 

2 

3  

4 

9.00 
13.00 

6.00 
10.70 

5 

Avenge.. 

11.19 

10.03 

29.70 

24.02 

COMMXVTB  OH  AMALYUEM. 

Analysie  1, — The  method  employed  was  distillation ,  followed  by  deolefinization 
and  ledistillatiDn  with  subsequent  detennination  of  aromatics  by  the  sulphonation 
method.  The  results  show  one  slight  discrepancy  in  that  they  do  not  indicate  the 
same  ratio  of  benzene  and  toluene  in  the  cracked  oil  and  in  the  derived  distillation 
cut. 

Anahftis  ;?.~The  oils  were  distilled  and  redistilledy  efficient  fractionating  columns 
being  used,  and  subsequent  determinations  were  made  by  both  sulphonation  and 
nitration  methods.  The  latter  were  given  the  preference.  Results  were  submitted 
with  the  statement  that  they  were  probably  1  to  2  per  cent  too  high.  Here  again 
there  is  a  discrepancy  between  the  results  for  cracked  oil  and  those  for  the  distillation 
cut,  and  it  is  in  the  opposite  direction  to  that  noted  in  analysis  1.  The  results  of  both 
analyses  1  and  2  were  probably  as  reliable  as  could  be  obtained  by  laboratories  work- 
ing in  ignorance  of  the  exact  conditions  under  which  the  cracked  oil  had  been  produced 
and  distilled. 

Analyeia  S. — ^The  analysiB  was  made  with  a  single  separation  by  distillation  followed 
by  duplicate  determinations  by  the  methods  of  sulphonation  and  freezing.  The 
figure  for  toluene  is  near  to  that  obtained  by  other  laboratories.  That  for  benzene  is 
high,  probably  because  reliance  was  placed  on  the  results  of  the  method  of  freezing. 

Analysis  4. — ^The  results  were  submitted  without  statement  as  to  the  method 
employed.  The  results  are  in  general  low,  indicating  a  reliance  on  purely  chemical 
methods. 

Analysis  5. — ^The  analysis  was  made  by  the  method  of  distillation  and  specific 
gravity  indicated  above.  The  results  are  similar  to  those  of  analyses  1  and  2,  but 
have  ^e  advantage  of  agreeing  as  to  the  ratio  of  benzene  and  toluene  in  the  cracked 
oil  and  in  the  distillation  cut. 

CONCLUSIONS. 

The  following  conclusions  are  based  on  the  results  obtained  in  this 
series  of  experiments  which  were  performed  with  the  degree  of  care 
and  accuracy  generally  feasible  in  commercial  laboratories: 

SolubiUty  methods  for  the  separation  and  determination  of  aromatic 
compounds  in  cracked  petroleum  do  not  seem  to  be  satisfactory. 

Results  approximating  those  of  the  best  chemical  methods  may  be 
obtained  by  the  method  of  separating  aromatic  hydrocarbons  with 
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three  successiYe  distillations  and  determining  by  specific  gravity 
relations  their  percentage  in  distillation  cuts. 

The  method  of  procedure  that  has  seemed  most  satisfactory  on  the 
basis  of  present  experience  is  as  follows: 

Seven  hundred  grams  of  cracked  oil  is  distilled  from  a  1-liter  dis- 
tilling flask  through  a  fractionating  column  whose  efficiency  is  at 
least  as  great  as  that  of  a  5-inch  Hempel  column  of  aluminum  beads. 
Two  successive  redistillations  are  conducted,  likewise  with  efficient 
fractionating  columns.  For  these  a  200-gram  part  of  the  cut  at  175^  C. 
is  taken.  For  the  first  redistillation,  fractions  are  separated  at  tem- 
peratures of  105°,  130®,  and  160°  C.  For  the  second  the  cuts  are 
made  at  95°,  120°,  and  150°  C. 

Specific  gravities  are  then  determined  by  whatever  method  seems 
convenient.  Measurements  should  be  accurate  to  about  one  part  in 
a  thousand.  The  percentage  of  aromatic  hydrocarbons  js  then  calcu- 
lated from  these  values  on  the  basis  of  the  following  gravity  relations 
in  the  various  cuts: 


Temperature  of  oat. 
96**  C. 

Speoifio  gravity  of  aromatio 
hydrocarbon. 

0.880 

hydrocarbon. 
0.720 

120**  C. 

.871 

.730 

150**  C. 

.869 

.760 

The  one  assumption  on  which  this  method  is  based  is  the  gravity 
value  assigned  to  the  nonaromatic  constituents  of  each  distillation 
cut,  but  this  value  need  not  be  known  with  great  accuracy.  With 
present  knowledge  of  the  character  of  the  cracking  process,  it  is 
desirable  occasionally  to  use  chemical  methods  of  determination  for 
verifying  results  obtained  on  the  basis  of  these  specific  gravities. 

PRESENT  AFPLIOATIOK  OF  SPECIFIC  QBJlYTTT  METHOD  OF  DETEB- 

MINING  ABOMATIC  HYDBOCABBONS. 

For  the  products  obtained  in  the  laboratory  runs  with  the  small 
experimental  furnace,  the  yields  of  recovered  oil  were  too  small  to 
permit  elaborate  fractionation.  Consequently,  a  simpler  method 
was  adopted,  as  follows: 

The  distillation  cuts  of  the  cracked  or  recovered  oils  up  to  150**  C. 
contain  a  mixture  of  the  three  aromatic  hydrocarbons,  benzene, 
toluene,  and  xylene,  whose  specific  gravities  are  approximately  equal. 
An  average  value  of  0.876  represents  them  with  sufficient  accuracy. 
For  the  specific  gravities  of  nonaromatic  constituents  foimd  in  the 
150^  C.  distillation  cut,  use  was  made  of  figm'^s  obtained  under 
identical  conditions  in  another  series  of  experiments  for  the  deter- 
mination of  physical  constants  of  crude  petroleum  and  products  from 
various  fields.  Following  are  the  average  specific  gravities  of  150**  C. 
distillation  cuts  from  the  original  oils  designated: 
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Pennsylvania  oil 0. 721 

Oklahoma  oil 734 

Calif oinia  oil 742 

Mexican  oil 759 

These  figures,  in  counection  with  the  specific  gravity  value  for  the 
mixed  aromatic  hydrocarbons,  were  used  in  calculating  the  per- 
centage formation  of  low-boiling  aromatic  hydrocarbons.  For  exam- 
ple, a  California  oil  (Kern  River  crude)  that  was  cracked  at  a  tem- 
perature of  600°  C.  and  at  a  pressure  of  12  atmospheres  gave  a  per- 
centage recovery  of  52.5  per  cent.  On  distillation,  22.5  per  cent 
boiled  below  150**  C,  the  specific  gravity  of  the  cut  being  0.842. 
The  last  figure  represented  a  mixture  containing  75  per  cent  of  the 
aromatic  hydrocarbons.  The  total  low-boiling  aromatic  hydro- 
carbons formed,  on  the  basis  of  the  original  oil,  were  therefore 
75  per  cent  times  22.5  per  cent  times  52.5  per  cent,  or  8.3  per  cent. 


LOW-BOILING    AROMATIC    HTDBOCABBONS    FOBMBD    IN    £XPEBIM£NTS. 

The  values  obtained  by  means  of  the  calculations  appear  in  Table  27 
following.  Here  again  an  excellent  agreement  among  the  determi- 
nations for  the  various  original  oils  is  to  be  noted,  demonstrating 
that  the  conditions  of  treatment  are  of  more  importance  than  basic 
physical  and  chemical  differences. 

Table  27. — Results  of  cracking  oiU  under  varying  conditions  of  temperature  and  pressure, 
thowiTiQ  percentages  of  louhooUing  aroTnattc  Mfdrooarbons  (ooTnbtned  hentenef  toluene, 
and  xylene)  formed,  calculated  on  basis  of  original  oil,<^ 


Funiace  oaDdition.s. 

Percentage  of  low-boflfng  eromatka  farmed  from 

Tmnpcr- 
atnre. 

Pressure. 

Pfmiwyl- 
vania. 

Okla- 
homa. 

Call- 
fomia. 

Mexico. 

Average. 

•c. 

850 
860 
800 
750 
760 
760 
760 
050 
600 
600 
600 
600 
600 
600 
650 
660 
600 
600 
600 
600 
600 
600 
460 
450 
400 

Atmo9' 
pherfs. 

< 

6 

K 

18 

12 

6 

18 
24 
18 
12 
6 

K 

12 
10 

2.4 

9L4 
4.8 
6.9 
7.1 
6.9 
4.9 
8.4 
L4 
ILl 
13.1 
&8 
9.7 
6.6 
1.4 
6.2 
7.3 
4.4 
6.6 
3.0 
4.0 
1.2 
0.7 
8.3 
L8 
0.2 

4.1 

4.6 
7.7 
6.0 
4.7 
4.2 
1.4 
11.2 
14.0 
0.9 
9.8 
6.8 
1.1 
4.7 
7.3 
2.1 

4.4 

7.1 
8.0 
7.9 
6.0 
2L2 

6.6 
6.8 
5.1 
4.1 

2.0 

12.4 

13.4 

13.4 

7.1 

7.3 

1.0 

9.7 
12.3 
8.8 
12.2 
5.1 
3.0 
7.7 

4.1 

4.3 
0.4 

7.0 
5.6 
6.6 
2.6 
1.8 
0.7 

4.2 

1.8 

3.7 
6.4 
1.2 

0.9 

0.6 

1.1 

3.3 
1.3 

2.9 

1.1 

6.'2 

o  Results  for  higher  pressures  are  low,  owing  to  oil  beJng  ooosumed  in  hullding  tq> 
6  Vacuum. 
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In  considering  the  yields,  the  reader  should  remember  that,  as  in 
gasoline  fonnstion,  the  necessity  of  building  up  hi^  pressures,  and 
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of  superheating  a  part  of  the  oil  in  order  to  obtain  this  result  in  e 
mum  time,  is  responsible  for  the  low  yields  reported. 


PRESSURE,  ATUOSPHEBES. 
Fumjt  3a.— Curves  shcnrbiK  pencmtagea  o[  ctHnbiued  aromatlo  hydmciiibinis  (bensma,  bdaene,  ind 
ZTlGua)  ttrmed  trom  mcktng  tbna  oUs  under  v*iTbi<  pieasurei  *t  800°  C.   Bcaolla  for  blgbBT  presnine 
low  owtnf  to  oil  oauniDed  in  building  up  pramoraa. 

The  higher  temperatures  are  evidently  more  favorable  for  the 
formation  of  aromatic  hydrocarbons  than  the  lower  temperatures, 
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i  Iir  higtta  praMuraa 


and  recoveries  on  the  basis  of  the  original  oils  seem  to  be  greatest  at 
temperatures  of  600°  to  700°  C,  as  is  clearly  indicated  by  the  values 
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plotted  in  figures  31,  32,  and  33,  which  show  the  percentage  yields 
of  the  low-boiUng  aromatics  at  constant  temperatures  of  500°,  SOO**, 
and  750°  C. 

Figure  32,  which  shows  the  most  satisfactory  results  for  the  three 
temperatures  plotted,  illustrates  the  close  agreement  when  three  oils 
of  widely  different  characteristics  were  treated  under  favorable  con- 
ditions. At  a  pressure  of  IS  atmospheres  (270  pounds  per  square 
inch)  there  was  an  approximate  difference  of  only  1  per  cent  aauing 
the  percentages  of  aromatic  hydrocarbon  recovered  from  the  oils. 

The  use  of  pressure  favors  the  formation  of  aromatic  hydrocarbons, 
and  the  general  results  seem  to  indicate  that  a  pressure  of  10  to  15 
atmospheres  gives  the  best  results.  The  relative  influences  of  tem- 
perature and  pressure  are  indicated  in  figure  34.  Here  the  average 
yields  of  the  three  oils  at  the  three  temperatures  of  500°,  600°,  and 
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lor  bigbv  pneBom  Icnf ,  owing  to  oil  oooBomtd  bi  bnlliUiic  up  pwuffc 

750°  C.  and  at  pressures  of  1  to  24  atmospheres  are  plotted.     The 
progressive  increase  in  yields  with  pressure  is  clearly  evidenced. 

Table  28,  showing  a  summary  of  the  results  of  cracking  foiir 
different  oils  under  varying  conditions  of  temperature  and  pressure, 
is  presented  below: 

Table  28.— Jumm 
and  prttture,  I 


..™„. 

AV«, 

«o-c. 

soo-c. 

MO*C. 

•oo-c. 

«»-c. 

7WC. 

MOT. 

880*  C. 

F 

0,7 

jio 

6.8 

1 '. 

1.J 

S.V 

ts 

K 

18 

sis 

H 

a  Rcaolla  for  highs  la 


» low,  owing  to  oil  en 
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CONCLUSIONS  AS  TO  FORMATION  OF  AROMATIC  HYDROCARBONS. 

The  data  given  establish  that,  as  in  gasoline  formation,  all  types  of 
petroleum  oils,  from  light  distillates  to  the  heaviest  residuum,  includ- 
ing heavy  asphaltic-base  oils,  can  be  made  to  yield  aromatic  hydro- 
carbons in  commercial  quantities.  The  residuum  above  the  lower- 
boiling  aromatic  fraction  can  be  rerun,  and  the  aggregate  yields  from 
a  given  quantity  of  original  oil  can  be  proportionately  increased. 

The  favorable  conditions  for  aromatic  formation  seem  to  be  high 
temperatures  and  moderate  pressures.  In  commercial  work  a  tem- 
perature ranging  between  625®  and  700°  C.  and  a  pressure  of  upward 
of  8  atmospheres  will  generally  be  most  suitable. 

OBMBBAIi  STJIOCABY  OF  LABOBATOBY  SZFBBIMENTS. 

The  results  of  the  experiments  described  led  to  the  following 
conclusions: 

In  procuring  the  desired  products  of  the  cracking  reaction,  the 
physical  and  chemical  properties  of  an  original  oil  are  of  secondary 
importance  compared  with  the  influence  of  temperature,  pressure, 
time,  and  concentration. 

Under  like  conditions,  practically  identical  results  have  been  ob- 
tained from  five  different  oils,  and  the  differences  reported  may  be 
attributed,  in  part,  as  much  to  variation  in  rate  of  reaction  as  to  the 
actual  production  of  dissimilar  eqiulibrium  products.  One  excep- 
tion noted  relates  to  the  production  of  carbon,  a  residual  product, 
the  formation  of  which  seems  to  be  proportional  to  the  quantity 
contained  in  the  original  oil.  Viscosities  and  specific  gravities  of 
the  oils  obtained  show  in  some  measure  the  influence  of  the  properties 
of  the  original  oils,  but  the  differences  are  only  slight  and  can  perhaps 
be  explained  by  the  system  not  having  been  allowed  to  reach  com- 
plete equilibrium. 

The.  experiments  have  indicated  the  commercial  possibilities  and 
advantages  of  hydrocarbon  reactions  carried  out  in  a  cracking  cham- 
ber composed  of  a  vertically  arranged  tube,  when  the  products  to  be 
treated  are  in  a  gaseous  state  and  are  cracked  in  an  atmosphere  of 
decomposition  products.  The  results  obtained  with  large-scale 
equipment,  subsequently  described,  have  demonstrated  the  correct- 
ness of  these  conclusions. 

ABOMATIC  HTDBOCABBONS  USED  IN  MAKING  EXPLOSIVES. 

The  war  in  Europe  has  created  an  enormous  demand  for  benzene 
and  toluene  as  raw  materials  for  the  manufacture  of  explosives. 
Toluene,  which  normally  sells  for  less  than  25  cents  a  gallon,  can  not 
be  bought  in  quantity  at  present  (November,  1915)  at  $5  a  gallon. 
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Trinitrotoluene  has  taken  first  rank  among  the  explosives  used  for 
bursting  charges  because  of  its  low  melting  point,  its  safety  in  hand- 
ling, its  nonaciditj,  which  eliminates  corrosion  of  metallic  surfaces 
in  contact  with  it,  and  the  ease  with  which  the  time  of  its  explosion 
may  be  controlled. 

KBTHODS  OF  MANUFACTTTRINa  TBINITROTOLTJBNE. 

There  are  two  popular  methods  of  making  trinitrotoluene  from 
toluene.  The  first  involves  a  three-stage  operation,  the  toluene 
being  first  converted  to  the  mono  derivative,  which  is  treated  with 
a  stronger  acid  to  make  the  dinitrotoluene,  aad  this  in  turn  being 
subjected  to  a  still  stronger  acid  to  make  symmetrical  trinitrotoluene, 
known  in  the  trade  as  TNT.  It  is  claimed  that  this  three-etage  pro- 
cedure increases  the  yield,  also,  that  the  method  is  the  most  eco- 
nomical, in  that  the  spent  acid  from  the  third  nitration  can  be  used 
for  the  second-stage  nitration  and  after  having  been  so  used  is  availa- 
ble for  making  mononitrotoluene  from  toluene. 

The  other  method,  largely  used  and  reconmiended  by  "RngTiftii  and 
French  explosives  manufacturers,  involves  a  one-stage  operation  in 
which  the  toluene  is  treated  with  an  ** oleum,"  that  is,  a  nitric-sul- 
phuric acid  mixture  concentrated  enough  to  bring  about  complete 
nitration.  The  disadvantage  of  this  procedure  is  that  the  strong 
acid  remaining  at  the  end  of  the  operation  is  discarded  because 
after  onp  use  it  is  not  strong  enough  to  introduce  the  third  nitro 
group.  The  advantage  claimed  is  the  relatively  smaller  equip- 
ment required  for  a  given  output  of  product.  However,  the  single- 
stage  operation  has  the  further  disadvantage,  that  the  starting 
material  must  be  pure  toluene.  In  view  of  the  fact  that  much  of 
the  American  toluene  comes  from  water-gas  tar,  all  of  which  con- 
tains an  appreciable  proportion  of  paraffins,  this  linutation  has  been 
considered  a  serious  objection  to  the  general  adoption  of  single-stage 
nitration  in  America. 

NCTRATION  OF  TOLUENE  FROM  PETEOLEUM. 

Early  in  the  development  of  the  processes  outlined  in  this  report, 
the  question  of  the  nitration  of  the  resultant  benzene  and  toluene 
was  recognized  as  demanding  solution;  The  difficulties  involved 
were  of  the  same  sort  as  those  incident  to  the  utilization  of  aromatic 
hydrocarbons  obtained  from  water-^as  tar,  which  ako  is  derived 
from  petroleum.  Popidar  opinion  was  to  the  effect  that  toluene 
derived  from  petroleimi  could  not  be  nitrated  to  form  a  trinitro- 
toluene as  good  as  that  derived  from  coal  tar.  It  has  been  proven, 
however,  that  it  is  easily  possible  to  make  from  toluene  derived  from 
petroleum  a  trinitrotoluene  with  as  high  a  melting  point  and  as  pure 
as  that  from  toluene  derived  from  any  other  source. 
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The  problem  involved  was  to  make  from  a  toluene  derived  from 
cracked  petroleum  a  trinitrotoluene  that  would  meet  current  speci- 
fications. The  latter  require  a  melting  point  higher  than  75^  C; 
the  melting  of  the  absolutely  pure  compound  is  80.2^  C. 

Two  general  methods  of  procedure  were  suggested.  The  first 
was  to  prepare  a  crude  trinitrotoluene  and  purify  it.  This,  however, 
can  be  accomplished  only  through  some  process  of  crystallization, 
or  washing,  which  requires  the  use  of  expensive  organic  solvents. 
Such  a  method  is  in  vogue  abroad,  but  is  not  considered  practicable 
in  this  country. 

The  second  method  involved  the  preparation  of  a  trinitrotoluene 
that  should  include  only  such  impurities  as  were  soluble  in  water. 
To  obtain  this  it  was  necessary  to  remove  in  some  stage  of  the  process 
such  impurities  as  would  come  through  to  the  end  as  bodies  insoluble 
in  water.  The  whole  problem  may  be  briefly  summarized  in  this 
simple  way:  It  was  necessary  to  purify  one  of  the  following  four 
compounds,  toluene,  mononitrotoluene,  dinitrotoluene,  or  trinitro- 
toluene. 

Before  the  most  advantageous  method  of  procedure  is  discussed, 
it  is  desirable  to  consider  the  properties  of  the  several  compounds. 

PBEPABATIOK    OF   TEDnTROTOLUENE. 

Trinitrotoluene  is  obtained  from  toluene  by  a  process  of  nitration, 
which  may  be  expressed  by  the  following  equation  : 

CeH5CH,+3HNO,=CH,CeH3(NO,)3+3H30 
CH,  CH, 


+3HN0,«       T   J      +3H,0 

NOa 


Water  is  one  of  the  products  of  the  reaction,  and  to  render  it 
inactive,  the  nitration  is  conducted  in  the  presence  of  sulphuric 
acid  enough  to  absorb  it.  The  formation  of  mononitro  and  dinitro 
products  at  intermediate  stages  is  probable,  and  to  fix  the  nature  of 
the  substitution,  it  is  necessary  to  regulate  the  conditions  of  acid 
concentration  under  which  the  reaction  occurs.  As  has  been  pointed 
out,  the  reaction  may  be  brought  about  in  either  one,  two,  or  three 
stages,  and  with  partial  or  complete  purification  of  the  intermediate 
products. 

By  starting  with  chemically  pure  toluene,  it  is  possible  to  so  con- 
duct the  nitration  as  to  obtain  directly  the  trinitro  product  in  such  a 
condition  that,  by  simple  washing  with  water,  it  may  be  converted 
into  a  product  that  meets  commercial  specifications.    If,  however, 
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one  of  the  paraflBn-aromatic  mixtures  obtained  from  petroleum  is 
treated  in  this  way  the  nitroproduct  is  associated  with  a  brown 
sludge  produced  by  the  action  on  the  paraffins  of  the  strong,  hot, 
acid  mixture  that  is  necessarily  used.  This  sludge  can  not  be  removed 
by  washing  with  water,  and  in  fact  is  separable  from  trinitrotoluene 
only  with  difficulty  by  any  satisfactory  commercial  method.  Strong 
nitric  acid  seems  to  have  an  effect  on  paraffins,  the  nature  of  which 
is  not  exactly  known.  It  is  probably  a  polymerization  of  some 
sort,  resulting  in  the  formation  of  resinous  bodies. 

ISOMERIC  FORMS  OF  NITROTOLUEKES. 


MONOKITROTOLirBNB. 


Mononitrotoluene  (C7H7NO,)  exists  in  the  three  isomeric  forms, 
ortho,  meta,  and  para,  of  which  the  physical  properties  are  indicated 
in  the  following  table: 

Physical  properties  of  the  dvree  isomeric  forms  of  momomtrotoluerke. 


Compoiind. 

Melting 
point. 

BoOiDg 
point. 

Spedflo  gravity. 

o-nltrotoluene 

-10.6 
18.0 
54.0 

•c. 

218 
231 
238 

L168(157W) 

l.l«8(2274*) 

L231(54''/4*) 

m-nitrotoluene 

f>>nI|T0t^Uf¥?W 

Direct  nitration  of  toluene  yields  a  mixture  of  the  three  isomers, 
which,  however,  contains  httle  of  the  meta  product.  This  is  in 
accord  with  the  law  of  substitution  in  the  benzene  ring,  the  methyl 
group  being  one  that  controls  the  ortho  and  para  positions.  It  is  of 
importance  to  note,  however,  that  the  relative  quantities  of  ortho 
and  para  compounds  may  be  controlled  by  the  conditions  under 
which  the  nitration  is  carried  out.  According  to  Holleman  and 
Van  der  Arend,*  if  1  part  of  toluene  is  run  into  1.6  parts  of  nitric 
acid  of  a  specific  gravity  of  1.5,  at  a  temperature  not  exceeding 
15°  C,  the  ortho  compound  is  formed  chiefly,  but  if  1  part  of  toluene 
is  run  into  3  of  4  parts  of  nitric  acid  of  a  specific  gravity  1.5,  and  the 
temperature  is  maintained  at  30°  C,  the  chief  product  is  para-nitro- 
toluene. 


DINITROTOLnSNE . 


Dinitrotoluene  exists  in  six  possible  isomeric  forms,  each  of  whidi 
has  been  prepared  and  each  of  which  is  sohd.    These  are  designated 

aHoUeman,  A.  F.,  and  Van  der  Aiond,  J.  E.,  Nitration  of  toluene  and  panHshlor-toIoene:  Becoail  des 
Travaux  chim.  des  Paya-Bas,  vol.  28, 1909,  pp.  408-423. 
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by  numbers,  the  position  occupied  by  the  methyl  group  being  1. 
The  melting  point  of  each  is  given  below: 

Melting  points  of  six  isomeric  forms  of  dinitrotoluene. 

Con^Mimd.                                                                                                          Melting  point,  *C. 
2-4 7a  5 

3-4 eao 

2-3 63.  0 

2-6 61. 0 

3-6 93.0 

2-5 52.5 

The  dinitrotoluene  produced  by  the  nitration  of  toluene  or  of  the 
commercial  mixture  of  ortho  and  para  nitrotoluenes  consists  chiefly 
of  2-4  and  2-6  products. 

TRINITROTOLUBNB . 

Trinitrotoluene  is  theoretically  capable  of  existing  in  six  isomeric 
forms.  Of  these  the  2-4-6,  the  2-3-4,  and  the  2-4-5  compounds 
have  been  prepared.  The  2-4-6  or  symmetrical,  trinitrotoluene  is 
the  best  known  and  is  by  far  the  chief  constituent  of  the  commer- 
cial product.  The  melting  points  of  the  three  forms  mentioned  are 
given  below: 

Melting  points  of  three  isomeric  forms  of  trinitrotoluene. 

Compoand.  Melting  point,  *C. 

2-4-6 80.6 

2-5-4 112.0 

2-4-5 104.0 

Trinitrotoluene  is  a  pale-yellow  solid  of  absolutely  neutral  reaction 
and  is  unusually  stable  unless  decomposed  explosively  or  burned. 
It  is  slightly  soluble  in  water,  either  hot  or  cold,  but  is  reaoily  soluble 
in  hot  alcohol,  though  only  slightly  so  in  cold. 

NITRATION   METHOD   ADOPTED. 

Toluene  and  mononitrotoluene  are  Uquids  having  boiling  points 
within  limits  that  permit  distillation  by  ordinary  methods.  They 
may  be  purified  by  fractional  distillation.  Dinitrotoluenes  and 
trinitrotoluenes  being  solids  not  soluble  in  water,  can  be  purified 
only  by  crystallization  from  organic  solvents.  As  has  been  already 
indicated,  the  purification  of  toluene  obtained  from  cracked  petroleum 
seemed  to  be  attended  with  considerable  difficulty.  The  aromatic  com- 
pound is  invariably  associated  with  both  paraffins  and  olefins  of  such 
volatility  that  distillation  does  not  separate  them.  Olefins  may  be 
removed  with  sulphuric  acid,  but  the  paraffins  are  not  attacked  by 
any  reagent  that  does  not  affect  aromatic  hydrocarbons  in  greater 
degree. 
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It  therefore  seemed  desirable  to  turn  to  the  mononitrotoluene  as  a 
medium  for  purification.  Toluene  is  associated  with  paraffins  and 
olefins  of  boiling  points  in  the  neighborhood  of  110^  C.  By  washing 
with  sulphuric  acid,  the  olefins  are  extracted.  By  nitration,  toluene 
may  be  converted  to  mononitrotoluene,  boiling  at  218^  to  238^  C, 
whereas  paraffins  remain  imohanged  or  are  in  part  polymerized  to 
resinous  bodies.  In  the  resultant  mixture  the  desired  mononitro- 
toluene is  separable  from  the  others  by  a  process  of  fractional  distillar 
tion.  This  separation  may  be  readily  accomplished,  although  dis- 
tillation in  a  vacuum  or  with  steam  gives  the  best  results.  The  follow- 
ing scheme  of  procedure  is  that  which  has  been  f  oimd  most  satisfactory 
and  most  economical. 

Wash  the  mixture  of  toluene,  paraffin,  olefin,  etc.,  with  sulphuric 
acid  of  a  specific  gravity  of  1.84  to  take  out  unsaturated  hydro- 
carbons or  olefins.  A  mixture  of  aromatics  and  paraffins  remains 
that  is  saturated  with  sulphuric  acid.  The  latter  does  not  need 
removal,  as  it  is  one  of  the  reagents  involved  in  the  next  step.  The 
acid-toluene-paraffin  mixture  is  then  treated  with  a  reagent  consist- 
ing of  mixed  nitric  acid  and  sulphuric  acid  strong  enough  to  attack 
toluene.  The  concentration  of  the  acid  varies  with  the  proportion  of 
paraffins  present.  The  impure  mixture  obviously  requires  less  acid 
than  would  pure  toluene.  The  acid  is  withdravm  from  the  nitrated 
mixture  and  the  latter,  after  having  been  washed  with  water,  is  dis- 
tilled in.  a  vaouimi  or  with  steam,  air  distillation  being  undesirable 
on  account  of  its  producing  a  certain  degree  of  decomposition. 

RESULTS  AND   BEARING  OF  NrTBATION   EXPERIMENTS. 

Actual  experiments  along  the  lines  just  indicated  have  been  con- 
ducted in  the  Bureau  of  Mines  laboratory.  By  the  simple  process 
of  deolefinization  with  sulphuric  acid,  nitration  of  the  unwashed 
product,  and  a  single  vacuum  distillation  samples  of  mononitro- 
toluene have  been  prepared  that  on  analysis  showed  nitrogen  con- 
tents within  0.5  per  cent  of  the  theoretical.  Yields  in  laboratory 
experiments  are  necessarily  lower  than  can  be  obtained  imder  com- 
mercial conditions,  but  even  here  results  have  been  obtained  that 
show  a  recovery  of  pure  product  of  75  to  82  per  cent  of  the  total 
theoretically  possible,  comparing  favorably  with  the  recovery  of 
toluene  from  coal  tar. 

The  simplicity  of  this  procedure  indicates  an  advantage  of  petro- 
leum over  coal  tar  as  a  source  of  toluene.  The  product  from  coal  tar 
may,  it  is  true,  be  obtained  in  a  pure  state,  but  the  processes  are  com- 
plicated and  expensive  owing  to  the  necessity  of  removing  oxygen 
and  sulphur  bodies  derived  from  coal.  The  toluene  derived  from  tar 
must  be  given  extensive  treatment  both  by  distillation  and  by  wash"> 
ing  with  chemicals  before  it  can  be  utilized  in  nitration  processes. 
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Petroleum-derived  toluene  is  not  so  easily  obtainable  in  a  pure  state, 
but  its  impurities  are  not  of  such  nature  as  to  cause  trouble  when  the 
process  of  nitration  is  carried  out.  In  short,  there  are  two  simple 
processes  for  deriving  toluene  from  petroleum  and  one  difficult 
process  for  deriving  it  from  coal  tar. 

If  the  operation  of  nitration  is  conducted  on  a  laige  scale,  the 
purity  of  the  mononitrotoluene  obtained  is  highly  satisfactory,  and 
makes  what  has  been  considered  a  serious  objection  a  real  advantage, 
in  that  it  is  easy  to  use  any  petroleum-derived  toluene  without 
regard  to  its  state  of  purity.  Instead  of  attempting  to  obtain  pure 
toluene  at  the  outset  the  effort  to  reach  a  state  of  chemical  purity  is 
made  at  the  mononitrotoluene  stage. 

Petroleum-derived  toluene  is  partly  purified  by  distillation,  and  then 
mononitrotoluene  is  prepared,  which  is  completely  purified  by  a  dis- 
tillation with  steam  or  in  a  vacuum. 

The  actual  preparation  of  trinitrotoluene  from  petroleum-derived 
mononitrotoluene  has  been  accomplished  by  a  modification  of  the 
two-stage  process  in  use  by  one  of  the  laige  explosive  companies  of 
this  country.  The  products  obtained,  after  having  been  washed 
with  water,  satisfied  the  present  customary  specification  of  a  melting 
point  above  75*^  C.  The  yields  have  approximated  75  per  cent  of  the 
yields  theoretically  possible.  Here,  again,  the  factor  of  yield  has  not 
been  studied  with  the  care  bestowed  on  quality,  as  laboratory  figures 
can  not  at  best.compare  with  those  obtained  in  commercial  operations. 

NTTBATION  OF  BENZBNE  BY  METHOD  APPLIED  TO  TOLT7ENE. 

• 

The  utilization  of  benzene  obtained  from  cracked  petroleum  has 
not  yet  been  studied  with  the  care  bestowed  on  the  utilization  of 
toluene.  Experiments  for  the  preparation  of  picric  acid  are  now  in 
progress.  Nitrobenzene  has  been  obtained  by  a  method  identical 
with  that  involved  in  the  preparation  of  nitrotoluene.  From  such 
nitrobenzene  an  85  per  cent  yield  of  aniline  oil  has  been  obtained,  the 
latter  being  one  of  the  more  important  raw  materials  in  the  dyestuff 
industry. 

The  general  conclusion  is  that  the  difficulty  of  utilizing  aromatic 
hydrocarbons  derived  from  petroleum  is  slight,  requiring  only  neces- 
sary deviations  from  the  conventional  methods  applied  to  the  care- 
fully purified  products  obtained  from  coal. 

EXPERIMENTS    TO    DETERBQNE    COUBSE    OF    REACTION    AMONG 

AROMATIC  HYDROCARBONS. 

The  series  of  experiments  dealing  with  general  transformations  was 
accompanied  by  studies  that  went  more  into  detail  regarding  the 
specific  products  obtained  by  the  cracking  reaction.  The  following 
considerations  have  proven  of  the  greatest  importance  in  the  present 
study  and  accordingly  are  given  separate  and  detailed  discussion. 
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KINBTIO  CONSXDB&ATIONS. 

The  cracking  or  decomposition  of  organic  compounds  by  heat  is 
generally  explained  on  the  basis  of  the  occurrence  of  intermolecular 
collisions  of  such  violence  that  the  bonds  holding  together  the  various 
atoms  or  groups  are  ruptured.  This  kinetic  theory  seems  to  take 
account  of  all  the  phenomena  of  the  reaction.  The  degree  of  crack- 
ing varies  in  the  same  direction  as  the  temperature  to  which  the  sub- 
stance is  heated;  that  is,  the  higher  the  temperature  the  greater  is  the 
cracking.  This  is  as  would  be  expected  when  it  is  remembered  that 
the  velocity  of  molecular  vibration,  and  consequently  the  violence 
of  impact,  increases  with  temperature. 

Likewise  it  is  known  that,  other  factors  being  equal,  cracking  is 
more  easily  produced  in  compounds  of  large  than  of  small  molecular 
weight.  If  velocities  of  vibration  are  equal,  then  the  large  molecule 
has  a  larger  momentum  than  the  smaller,  and  at  the  instant  of 
collision  is  subjected  to  a  greater  strain. 

Molecular  structure  is  another  factor  having  an  influence  that 
can  be  largely  predicted  on  the  basis  of  kinetic  considerations. 
Cyclic  compounds  are  more  stable  than  those  of  the  straight-chain 
type,  as  would  be  expected  in  view  of  their  greater  compactness  of 
structure.  Likewise  if  a  compound  consists  of  a  cyclic  nudeus  with 
an  attached  side  chain,  or  of  two  cyclic  nuclei  united  through  a 
straight  chain,  the  weak  point  is  undoubtedly  the  chain.  As  indi- 
cated later,  there  is  a  general  tendency  for  decomposition  of  petro- 
leum up  to  a  certain  stage  to  result  in  the  production  of  benzene, 
which  is  the  simplest  and  most  stable  of  the  monocyclic  hydrocarbons. 

With  the  preceding  considerations  in  view  it  is  easy  to  understand 
the  character  of  the  cracking  process  as  indicated  by  the  information 
already  at  hand.  It  may  be  stated  also  that  the  indications  obtained 
from  the  equilibrium  constants,  figured  according  to  the  Nemst 
equation  (see  Table  4),  are  entirely  in  accord  with  those  just  men- 
tioned. 

Some  important  indications  may  be  obtained  regarding  relative 
degrees  of  formation  of  various  aromatic  hydrocarbons  without  con- 
sidering the  absolute  conditions  of  cracking.  Experience  has  indi- 
cated that  large  paraffin  molecules  are  less  stable  than  small  ones, 
that  paraffins  are  less  stable  than  olefins,  and  that  stability  increases 
with  decrease  in  saturation.  It  appears,  therefore,  that  benzene  for- 
mation requires  a  more  strenuous  reaction  in  the  cracking  process 
than  does  toluene  formation,  as  toluene  is  in  part  aliphatic,  owing  to 
the  presence  of  the  methyl  group  that  makes  up  the  side  chain. 
Likewise  it  appears  that  xylene,  having  two  methyl  groups,  should 
show  the  same  variation  in  stability  as  toluene  but  that  it  should 
always  occur  in  about  half  the  quantity  of  toluene.     The  probability 
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of  its  formation  is  half  that  of  the  formation  of  toluene  and  the 
probability  of  its  decomposition  twice  as  great. 

The  formation  of  naphthalene  and  anthracene  seems  to  necessitate 
the  decomposition  of  benzene  nudei.  The  formation  of  these  poly- 
cyclic  hydrocarbons  should,  therefore,  be  coincident  with  a  decrease 
in  the  nmnber  of  monocyclic  molecides. 

EZPBBDCBNTS  WITH  INTEBAROMATIC  BJEBACTIOKS. 

Both  scientifically  and  commercially  the  differences  among  the 
various  aromatic  hydrocarbons  are  of  almost,  if  not  quite,  as  great 
importance  as  the  differences  among  classes.  Two  series  of  experi- 
ments were,  therefore,  conducted  for  the  purpose  of  establishing  facts 
concerning  the  influence  of  varying  conditions  of  temperature  and 
pressure  on  interaromatic  reactions.  In  the  first  series  four  typical 
monocyclic  hydrocarbons,  cymene,  xylene,  toluene,  and  benzene, 
were  subjected  to  cracking,  each  at  three  different  temperatures,  and 
at  each  temperature  under  four  pressures.  The  solid  polycyclic 
hydrocarbons,  naphthalene  and  anthracene,  were  also  cracked,  but 
on  account  of  experimental  difficulties  the  results  obtained  were  only 
qualitative.  In  the  second  series  petroleum  was  employed  as  the 
original  material.  A  radically  different  scheme  of  procedure  was 
used,  but  the  results  agreed  entirely  with  those  of  the  first  series. 

A  study  of  reaction  products  has  furnished  indications  that  may 
be  generally  summarized  as  follows: 

The  coturse  of  the  reaction  is  in  the  direction  of  decrease  in  size  of 
molecule  when  the  degree  of  saturation  is  unchanged. 

Reactions  may  occur  in  the  direction  of  dehydrogenation  either 
with  increase  or  with  decrease  in  size  of  molecule. 

Practically  no  reverse  reactions  occur. 

WOBK  OF  OTHEB  XNVBSTIGATOBS. 

More  or  less  work  has  been  done  by  several  previous  investi- 
gators on  the  problem  of  thermal  reactions  of  aromatic  compounds, 
but  no  one  has  made  a  systematic  study  of  such  reactions.  The 
information  desired  at  present  concerns  the  influence  of  conditions 
of  temperature  and  pressure  on  quantitative  and  qualitative  rela- 
tions among  end  products  and  this  is  not  adequately  suppUed  by  the 
literature.  The  following  brief  abstracts  deal  with  experiments 
that  seem  most  important  in  the  present  connection. 

The  classic  researches  of  Bertholet  **  have  furnished  a  foimdation 
for  the  knowledge  in  this  general  field.  His  series  of  pyrogenic  reac- 
tions is  comprehensive  and  the  results  obtained  are  valuable,  though 
not  such  as  to  meet  the  needs  under  consideration. 

a  Bertholet,  H.,  Action  de  la  chaleur  sor  qaelques  carburte  dliydrogtae,  Th^orie  des  corps  pyrog^n^s; 
Ann.  chim.  phys., aer.  4,  t.  9, 1866, pp. 445-483;  Des carburte pyrogAite, Ann. chim. phys,,9Bt, 4, 1. 12, 1867, 
pp.  5-06, 1. 16, 1860,  pp.  143-187. 
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Ferko  ^  furnished  some  valuable  information,  particularly  with 
regard  to  the  direction  of  reactions.  He  passed  the  vapors  of  several 
hydrocarbons,  either  pure  or  mixed  with  ethylene  gas,  through  an 
iron  tube  heated  over  a  40-cm.  length  in  a  gas  furnace.  The  prod- 
ucts were  condensed  and  their  composition  studied.  The  more 
important  of  the  results  obtained  by  Ferko  are  summarized  in  Table 
29  following. 

Tabus  29. — Summary  of  rendu  obtained  by  Ferko  in  hU  experim/tnU  on  the  trarufonnaiion 
obUzined  by  passing  various  original  hydrocarbons  through  a  tube  heated  to  '^red  heat,** 


Original  material. 


Hydrocarbon. 


Benzene  and  ethyl- 
ene  

Toluene 

Toluene  and  ethyl- 
ene  

Naphthalene  and 
ethvlene 

Ethyl-benzene 


Quan- 
tity. 


Oranu. 
1,320 
1,300 

1,300 

900 
600 


Reaction  products. 


Ben- 
zene. 


Peret. 

6.0 

11.5 

15.4 

.0 
15.0 


Tolu- 
ene. 


Peret. 

0.0 

13.8 

12.3 

.0 
1.0 


Styrol- 
ene. 


Peret, 

1.3 

.5 

.8 

.0 
3.0 


Ethyl- 
ben- 
lene. 


Peret. 

0.0 

.0 

.0 

.0 
4.0 


Dl- 

naph- 

thftlftnft 


Peret. 

0.0 

.0 

.0 

13.3 
.0 


Dl- 

phenyl. 


Peret. 

22.7 

2.1 


,0 
,6 


Nfl^b- 
thaiene. 


Peret. 
0.0 
3.0 

.0 

44.5 
2.2 


Fhe- 

nan- 

thrane. 


Peret. 
0.8 
LI 

.0 

.1 
2.6 


An- 

thra- 


Perct, 
1.1 
1.0 

L5 

.0 
.4 


The  table  shows  that  no  reaction  products  were  obtained  that 
were  not  in  the  order  of  decrease  of  saturation  or  of  molecular  weight 
if  the  saturation  remained  unchanged.  Thus  benzene  yielded  no 
toluene  nor  any  other  compound  of  equal  saturation  and  of  greater 
molecular  weight.  Naphthalene  yielded  neither  benzene  nor  toluene. 
From  ethyl-benzene,  however,  it  was  possible  to  obtain  toluene, 
benzene,  and  compounds  of  lower  saturation.  The  work  of  Ferko 
seems  to  have  been  the  most  valuable  of  all  hitherto  done  in  this 
field,  but  it  gives  little  attention  to  the  influence  of  temperature  and 
none  to  that  of  pressure. 

Haber^  studied  the  pyrogenic  reactions  of  various  substances, 
among  them  benzene,  at  temperatures  ranging  between  600®  and 
800°  C.  and  900°  and  1,000°  C.  One  of  his  observations  is  contrary 
to  the  results  of  the  authors'  experiments.  He  states  that  although 
benzene  goes  readily  to  diphenyl  it  does  not  form  naphthalene. 

McKee,*  as  a  result  of  some  quahtative  experiments,  has  concluded 
that  the  order  of  hydrocarbon  decomposition  is  as  follows:  Higher 
paraffins  — >  lower  paraffins  — >  olefins  — >  acetylenes  — »  benzene  and 
homologues  — >  diphenyl  — >  naphthalene,  etc.,  -^  tarry  matter  — >  car- 
bon and  gas.     In  McKee's  experiments  benzene  was  passed  through 

a  Ferko,  Paul,  t^r  oinigo  pyrogdn^  Reactions:  Bor.  Dent.  chem.  GeselL,  Jahrg.  20,  Bd.  1,  18S7,  pp. 
060-664. 

b  Haber,  F.,  Theorie  dcr  pyrogen  reactionGn  aliphatischer  Kohlenwasserstofle:  Ber.I>eut.cihein.  QeselL, 
Jahrg.  29,  Bd.  3, 1896,  pp.  2691-2700. 

e  McKee,  G.  W.,  On  the  decomposition  of  bensene  at  high  temperatures:  Jour.  Soc.  Chem.  Ind.,  voL  2S, 
Apr.  30, 1904,  pp.  403*404. 
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a  hot  copper  tube  and  the  degree  of  decomposition  determined  by 
the  change  in  the  specific  gravity  of  the  product.  No  analysis  or 
separation  of  the  product  seems  to  have  been  attempted. 

Smith  and  Lewcock  ^  passed  benzene  through  an  iron  tube,  and  at 
800*^  C.  obtained  a  25  per  cent  yield  of  diphenyl.  They  were  not, 
however,  able  to  reverse  the  reaction,  a  condition  that  they  attributed 
to  experimental  difficulties.  They  observed  that  the  quantity  of 
diphenyl  produced  increased  with  the  rate  of  feed,  indicating  that 
diphenyl  is  not  an  equilibrium  product,  but  simply  an  intermediate 
one. 

BXPEBDCBNTS  WITH  PT7BE  AROMATIC  HYDBOCABBONS  AS  STABT- 

ING  MATEBIAL. 

In  the  experiments  described  in  this  report,  cracking  was  produced 
in  a  system  having  a  single  (gaseous)  phase.  The  characteristics  and 
advantages  of  this  method  of  procedure  have  already  been  discussed 
in  detail. 

Equilibrium  relations  for  some  of  the  reactions  involved  may  be 
foimd  in  Table  4,  which  contains  values  figured  according  to  the 
Nemst  approximation  formula. 

The  scheme  of  procedure  followed  in  the  experiments  under  con- 
sideration was,  with  slight  exceptions,  identical  with  that  described 
for  the  other  series.  One  modification  in  the  making  of  the  *'run" 
is  worthy  of  mention.  In  the  earlier  series  of  experiments  pressures 
were  built  up  in  the  cracking  furnace  by  the  decomposition  of  some 
of  the  oil  used  in  the  run.  This  method  introduced  a  source  of  error, 
which,  in  the  more  recent  experiments,  it  has  been  possible  to  eluni- 
nate.  Before  the  beginning  of  each  pressure  run  the  system  was  con- 
nected with  a  compressor  and  with  natural  gas,  which  was  pumped 
in  until  the  gage  gave  the  proper  reading.  The  compressor  was  then 
shut  off  by  closing  a  valve  and  the  run  started.  Natural  gas  was 
used  because  it  is  largely  methane,  which  is  one  of  the  end  products 
of  all  cracking  reactions. 

For  all  the  liquid  hydrocarbons  the  original  material  was  allowed 
to  flow  into  the  furnace  at  the  rate  of  about  6  c.c.  per  minute.  When 
the  solid  hydrocarbons  naphthalene  and  anthracene  were  used  as 
initial  material  it  was,  of  course,  necessary  to  keep  them  in  a  molten 
condition  during  the  run  by  applying  heat  to  the  feed  cup.  Even 
then  considerable  experimental  diflGiculty  was  involved  and  no  attempt 
was  made  to  obtain  results  of  more  than  quaUtative  accuracy. 

The  supplementary  determinations  were  made  with  quantities  of 
recovered  oil  too  small  to  permit  separation  of  pure  products.  A 
single  analytical  distillation  was  made  through  an  8-inch  Hempel 

a  Smith,  Clarence,  and  T^ewoock,  WUUam,  Pyrogenlc  decomposition— Benzene:  Jour.  Cbem.  8oc.,  vol. 
vol,  pt.  2, 1012,  pp.  1463-1450. 
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column,  and  cuts  were  made  at  100®,  125®,  150®,  and  200®  C.  The 
first  cut  was  taken  as  representative  of  benzene,  the  second  of  toluene, 
the  third  of  xylene,  and  the  fourth  of  cymene.  Above  200®  C.  the 
distillation  was  continued  vdth  a  shorter  fractionating  column,  and  cuts 
were  made  at  intervals  of  50®  C.  The  distillates  were  chilled  and 
examined  for  the  separation  of  solid  naphthalene  and  anthraoene. 
On  account  of  the  smallness  of  the  quantities  obtained  no  attempt 
was  made  to  obtain  quantitative  results  for  the  solid  products. 

MATEBIAX  USED  IN  SXPBBDCBNTS. 

The  benzene  used  in  the  experiments  was  the  purest  conmiercially 
obtainable.  The  sample  used  was  particularly  good,  as  98  per  cent 
distilled  between  80®  and  81®  C.  Its  specific  gravity  was  0.879 
(15®/15®).» 

The  toluene  used  was  that  sold  as  "chemically  pure.''  Its  specific 
gravity  was  0.869  (15®/15®),  and  a  distillation  jrielded  the  following 
figures: 

Ruulu  of  distillation  of  toluene  UBei  in  experiments. 

Temperature,  •  C.  Oit,  per  cent, 

98 First  drop. 

98  to  100 0.2 

100  to  110 92.0 

110  to  115 4.0 

The  xylene  used  was  also  the  so-called  chemically  pure  oonunercial 
product.  Its  gravity  was  0.862  (15®/15®),  and  its  distillation  showed 
the  following  results : 

Reaiilts  of  distillation  of  xylene  used  in  experiments, 

TempeiBtaie,  •  C.  Cut,  per  cent, 

gg First  drop. 

88  to  120 0.7 

120tol37ft 99.3 

The  cymene  used  was  also  a  commercial  product,  having  a  specific 
gravity  of  0.863  (15®/15®).  The  results  of  its  distillation  were  as 
follows: 

Results  of  distillation  of  cymene  used  in  experiments. 

Temperature,  •  C.  Oat,  per  cent. 

165 First  drop. 

170  to  179 90 

GENBBAIi  BESniiTS  OF  EXPEBIHENTS. 

The  data  obtained  in  the  experiments  under  consideration  appear 
in  Tables  30  to  35,  which  show  the  scope  of  the  work  and  indicate 
the  nature  of  the  measurements  that  were  made. 

a  Specific  gravity  at  15*  C.  compared  with  that  of  water  at  16*  C. 
h  flask  dry. 
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Results  are  recorded  in  terms  of  percentage  by  volume  except  when 
either  the  initial  material  or  the  reaction  product  was  a  solid.  In 
such  instances  mass  relations  are  given. 

It  will  be  noted  that  for  the  four  liquid  hydrocarbons,  cymene, 
xylene,  toluene,  and  benzene,  the  results  of  the  experiments  are 
complete.  Quantitative  results  for  the  distillations  are  given  for  cuts 
up  to  200°,  and  above  that  temperature  the  presence  or  absence  of 
naphthalene  and  anthracene  is  indicated  by  a  plus  (+)  or  a  minus 
(  — )  sign.  For  the  experiments  in  which  naphthalene  or  anthracene 
was  the  initial  material  no  distillates  were  obtained  below  200°  C, 
and  all  the  results,  therefore,  are  qualitative.  In  Tables  30  to  35, 
the  results  for  each  test  are  average  number  of  runs  at  the  stated 
temperature  and  pressure.    The  tables  follow: 
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Table  34. — Results  of  cracking  naphthalene  under  various  conditions  of  temperature 

€md  pressure. 


Temperature,  *C 

Preesure,  atmospheree. . . 

Material  used,  grams 

Material  reooYered,  per 
cent 

650 

(•) 
400 

76.0 

0.0 

650 

1 

400 

66.7 

3.3 

660 

12 

432 

30.0 

21.0 

725 

(•) 
400 

66.4 

3.5 

725 

1 

414 

66.4 

7.0 

735 

12 

384 

40.0 

800 

(•) 
400 

85.0 

0.5 

800 

1 
600 

80.8 

13.6 

no 

12 
427 

19.8 

Carbon  produced,  per 
cent.. 

5.0 

QUALITATIVE  RESULTS  OF  DISTILLATION. 


Flrat  drop  at  ('C.) 

206 

200 

206 

200 

210 

Naphthaleiie  6 

+ 

+ 

• 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

Anfhra<wne  * 

-1- 

a  Vacuum. 


b  Freeenoe  (or  absence)  indicated  by  plus  (or  minus)  sign. 


Table  35. — Results  of  cradbing  anthracene  under  variotis  conditions  of  temperature  and 

pressure. 


Temperature,  *C 

Pressure,  atmosphere 

Material  used,  grams 

Material  recovered,  per  cent. 
Carbon  produced,  per  cent . . 


725 


( 


56.0 
22.0 


QUALITATIVE  RESULTS  OF  DISTILLATION. 


First  drop  at  CC). 


Naphthalene  6, 
Anthraoane^.. 


a  Vaonum.  &  Presence  (or  absence)  Indicated  by  plus  (or  minus)  sign. 

BEGOVEBIES  OF  UQUID  PBODUCTS. 

A  first  point  to  be  considered  is  the  yield  of  liquid  reaction  products 
obtained  vrhen  the  hydrocarbons  were  cracked  under  various  con- 
ditions of  temperature  and  pressure.  This  percentage  represents  the 
total  of  liquid  products  and  of  solid  products  soluble  therein,  except 
carbon  and  gas.  The  figures  given  are  representative  in  a  way  of 
the  stabUity  of  the  various  compounds,  their  resistance  to  conversion 
into  carbon  and  gas  being  indicated  by  the  proportion  of  liquid  product 
obtained. 

It  appears  that  as  regards  the  four  liquid  hydrocarbons  the  order 
of  decreasing  stability  is  benzene,  toluene,  xylene,  and  cymene. 
This  is  as  would  be  expected,  on  the  theory  that  with  similar  molec- 
ular forms  the  more  imwieldy  units  of  matter  are  the  more  easily 
broken  down. 
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The  yield  decreased  with  increase  in  temperature  and  in  general 
with  increase  in  pressure.  Table  36,  showing  the  recoveries  of 
liquid  reaction  products,  follows: 

Table  36. — ResuUa  of  cracking  four  aroTnatic  hydroearhons  under  variaiu  conditions  of 
temperature  and  pressure,  shdunng  percentages  of  liquid  reaction  products  recovered. 


Hydrocarbon  cracked. 


CymflOd, 

Xylene. 

Toluene. 
Do.. 
Do.. 

LBBD 

Do 
Do 


Tem- 
perature. 


660 
725 
800 
660 
726 
800 
650 
725 
800 
650 
726 
800 


Percentage  of  liquid  reaction  product 
reoovered  at  pressures  of— 


Vaoium. 


83.0 
53.0 
49.0 
96.0 
72.0 
66.0 
96.0 
86.0 
66.0 
90.0 
94.0 
87.0 


latmoe- 
phere. 


62LO 
40.0 
17.6 
60.0 
60.0 
27.1 
96.3 
64.3 
33.6 
86.6 
90.0 
62.0 


13atmoB- 
pheres. 


53.3 
37.5 
15.8 
66.0 
54.3 
31.7 
94.8 
48.3 
84.3 
87.5 
58.3 
32.5 


18  atmos- 
pheres. 


40.8 
35.0 
.0 
64.3 
46.6 
11.5 
60.8 
18.0 
11.7 
73.1 
53.3 
18.3 


Average 
percent- 
age ro- 
oovered. 


38.8 
54.3 
59.3 
66.5 


ORIGINAL  HYDROOABBONS  RECOVERED. 

The  percentage  of  original  product  recovered  is  another  index  of 
the  stabUity  of  the  compound  cracked.  It  represents  total  resistance 
to  transformation,  whereas  the  recovery  figures  for  hquid  products 
represent  resistance  to  conversion  into  carbon  and  gas.  It  appears 
that  the  order  of  stabUity  is  the  same  as  that  indicated  in  Table  36, 
but  that  there  are  greater  differences.  The  effects  of  temperature 
and  pressure  are  analogous  to  those  indicated  in  the  earUer  table. 
Table  37,  showing  the  percentages  of  original  hydrocarbons  recovered, 
is  presented  below: 

Table  37. — Results  of  cracking  four  aromatic  hydrocarbons  under  varums  conditions  of 
temperature  and  pressure,  mowing  percentages  of  original  hydrocarbons  recovered. 


Hydrocarbon  cracked. 

Tem- 
perature. 

Percentage  of  original  hydrocarbon  re- 
covered at  pressures  of— 

Average 
percent- 

Vaconxn. 

1  atmos- 
phere. 

13  atmos- 
pheres. 

18  atmos- 
pheres. 

age  re- 
oovered. 

Cynrnnn 

*C. 
660 
736 
800 
650 
735 
800 
650 
736 
800 
650 
736 
800 

34.5 
17.0 
14.5 
80.0 
5Z5 
35.6 
01.6 
70.5 
40.5 
78.5 
77.5 
63.0 

31.6 

6.4 

1.6 

37.7 

40.0 

4.5 

85.0 

34.0 

6.6 

66.6 

61.5 

36.6 

31.3 

3.0 

5.7 

31.7 

37.0 

7.9 

55.0 

7.5 

7.5 

59.4 

39.7 

16.1 

10.6 

7.6 

.0 

45.0 

36.0 

1.1 

81.0 

3.7 

4.0 

57.0 

43.3 

12.1 

11.9 

-wj  maMoa^t. ............r..  ....... 

Do 

Do 

Xylene 

^Do:::::;:. :::::::..:.:: : 

30.6 

Do 

Tolneoe 

Do 

37.1 

Do 

Beniene 

Do 

50.7 

Do 
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BENZENE   FORMATION. 

Table  38  following  shows  the  percentages  of  benzene  formed  under 
varying  conditions  of  temperature  and  pressure.  It  appears  from 
the  table  that  benzene  is  formed  in  appreciable  quantity  from  each 
of  the  three  hydrocarbons,  cymene,  xylene,  and  toluene.  The  figures 
in  Tables  30  to  35  indicate  that  neither  benzene  nor  any  of  the  other 
three  monocychc  compoimds  is  produced  by  the  cracking  of  naph- 
thalene or  anthracene. 

Table  38  shows  that  optimum  conditions  for  benzene  formation 
are  represented  by  the  temperatures  650°  and  725°  C,  and  that 
pressure  is  favorable  up  to  a  certain  limit  which  appears  to  be  some- 
where between  1  and  12  atmospheres.  The  runs  at  18  atmospheres 
in  general  showed  decreases  in  the  amount  of  benzene  produced. 
This  seems  to  indicate  that  at  some  pressure  between  1  and  12  atmos- 
pheres a  sufficient  concentration  was  attained  to  permit  the  hydro- 
carbons to  reach  a  state  of  equilibrium  during  their  passage  through 
the  furnace  and  that  the  higher  pressures  were  unfavorable  for 
benzene  production,  as  is  indicated  by  the  volume  changes  occurring 
in  the  reactions. 

Table  38. — Results  of  cracking  four  aromatic  hydrocarbons  under  various  conditions  of 
Umperaiure  and  pressure,  showing  percentages  of  benzene  formed. 


Hydrocarbon  creoked. 

Temper- 
ature. 

Peroentage  of  benxene  formed  at  pressure 

of— 

Avenge 
perccDt- 

Vacuum. 

1  atmos- 
phere. 

12  atmos- 
pheres. 

ISatm^os- 
pheres. 

ase  re- 
covered. 

Cyinw!i6.  ■ 

•c. 

650 
725 
800 
A50 
725 
800 
650 
725 
800 
650 
726 
800 

0.2 

.2 

1.5 

.3 

.0 

.7 

.0 

2.1 

5.6 

78.5 

77.5 

63.0 

9.2 

8.7 

1.6 

4.1 

2.0 

&3 

8.9 

17.3 

17.6 

66.5 

61.5 

35.6 

12.0 

10.2 

3.8 

3.8 

3.2 

9.1 

21.8 

30.7 

16.4 

50.4 

30.7 

16.1 

1&.1 

3.8 

.0 

.6 

.0 

6.4 

18.3 

10.4 

3.0 

67.0 

42.3 

12.1 

Do 

5ul 

Do 

Xylene 

Do 

3.1 

Do 

Toliif'ne 

Do 

12.3 

Do 

B«nE4ffM^  .     . .      ,    , 

Do 

5a7 

Do 

TOLUENE   FORMATION. 


The  figures  on  toluene  formation  are  shown  in  Table  39  following. 
Toluene  may  be  formed  from  both  xylene  and  cymene,  being  more 
readily  formed  from  the  former.  The  amount  that  can  be  produced 
from  benzene  is  negligible,  and  none  can  be  produced  from  naph- 
thalene and  anthracene.  The  effects  of  temperature  and  pressure 
seem  rather  irregular,  possibly  on  account  of  experimental  error. 
The  general  tendency  seems  to  have  been  for  maximum  yields  to 
occur  with  decreasing  temperature  as  pressure  increases.  Thus,  in 
the  xylene  figures  a  maximum  appears  at  800®  C.  for  vacuum  runs, 
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at  725^  C.  for  runs  at  1  atmosphere,  and  650^  C.  for  runs  at  12  atmos- 
pheres. Beyond  this  point  the  curve  seems  to  swing  the  other  way. 
A  like  tendency  will  he  noted  among  cymene  figures  if  the  obviously 
wrong  bracketed  value  is  omitted  from  consideration. 

Tablb  39. — Rendu  of  cracking  four  aroTnatie  hydrocarbons  under  various  eondUums  of 
temperature  and  pressure,  shomng  percentage  of  tolu£7ie  formed. 


Hydroovbon  oraoked. 

Temper- 
ature. 

Peroentageof  toliMDelbniied  atpreeBore 
of— 

Aveiace 
percent- 

Vacaum. 

Istmo*- 
phere. 

Uatmoe- 
pheres. 

18stmQB- 
I^heree. 

fonned. 

OvrnflT^ 

•c. 

560 
725 
800 
650 
725 
800 
650 
726 
800 
660 
725 
800 

8.0 
4.7 
2.6 
9.2 
18.5 
01.6 

7a5 

40.5 
1.6 
1.4 
1.0 

2.5 

7.4 

1.0 

15.4 

34.5 

7.2 

86.0 

84.0 

6.6 

.0 

.9 

.6 

2,7 

2.8 

1.3 

18.7 

15.2 

8.6 

55.0 

7.5 

7.5 

.1 

.0 

.0 

1.0 

5.0 

.0 

9.2 

12.6 

.8 

81.0 

2.7 

4.0 

.5 

.0 

.0 

^Do!:::::::::. ..:::::::::::: :... 

4.0 

Do 

Xylene 

Do 

11.4 

Do 

Toluane 

Do 

37.1 

Do 

BenMDe 

Do 

.5 

Do 

XYLENE   FORMATION. 

Table  40  shows  the  figures  on  xylene  formation  and  indicates 
that  although  xylene  may  be  formed  in  moderate  quantity  from 
cymene  the  amoxmts  produced  from  toluene  and  benzene  are  exceed- 
ingly small.  The  formation  of  xylene  seems  to  be  favored  by  low 
temperatures  and  low  pressure. 

Table  40. — Results  of  cracking  four  aroTnatie  hydrocarbons  under  various  condUions  of 
temperature  and  pressure,  showing  percentage  of  xylene  farmed. 


Hydrocarbon  craeked. 

Temper- 
ature. 

Percentage  of  xylene  fonned  at  pressure 
of— 

AYcrage 
percent- 

Vacuum. 

latmoa- 
phere. 

12atnu)»> 
pheres. 

18  atmos- 
pheres. 

aee 
formed. 

CrnunM. 

•c. 

660 
725 
800 
650 
725 
800 
650 
725 
800 
650 
725 
800 

17.8 

8.0 

0.5 

80.0 

52.5 

35.6 

8.4 

4.2 

.0 

.8 

1.4 

1.7 

5.0 

5.2 

1.6 

87.7 

40.0 

4.5 

.0 

.0 

.0 

.0 

.7 

.5 

4.0 

2.1 

1.6 

81.7 

27.0 

7.0 

.0 

.7 

1.2 

.0 

.0 

.0 

4.0 

2.8 

.0 

45.0 

20.0 

1.1 
.0 
.0 

1.6 
.0 
.0 
.0 

^Do!^:::::::::....; :::::::;::::::. 

5.4 

Do 

Xylene 

^™..::. ::::..:..: :::..::::.:.::.. 

80.6 

Do 

• 

Tolnene 

Do 

.0 

Do 

Beniene 

Do 

.4 

Do 

CYMENE   FORMATION. 


Cymene  is  formed  in  negligible  quantity  from  xylene,  toluene,  and 
benzene,  and  not  at  all  from  naphthalene  and  anthracene,  as  is  shown 
by  the  results  presented  in  Table  41,  following.  This  compound 
appears  to  be  particularly  unstable  under  the  conditions  of  the 
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experiments,  as  is  evidenced  by  the  fact  that  only  a  small  amount 
(an  average  of  12  per  cent)  remained  unchanged  when  this  hydro- 
carbon was  employed  as  initial  material. 

Tablb  41. — Results  of  cracking  four  aromaiie  hydrocarbons  under  various  condUions  of 
temperature  and  pressure^  showing  percentage  of  cymene  formed. 


HTdrooarbon  omdced. 

Temper- 
ature. 

reroentage  of  cymeoe  formed  at  pressure 

ot— 

Avenge 
peroeDt- 

Vacuum. 

1  atmos- 
phere. 

12  atmos- 
pheres. 

18  atmos- 
pheres. 

age 
formed. 

fSrHMBlA- ,,.,....,,.,...,,...,.,..,..,..... 

•c. 

650 
725 
800 
650 
725 
800 
650 
725 
800 
650 
725 
800 

34.5 

17.0 

14.5 

1.9 

2.4 

2.3 

.0 

.2 

.1 

.4 

2.8 

6.9 

21.6 
5.4 
1.6 
2.2 
6.0 

.0 

.5 
1.6 

.0 
1.0 

.7 
3.0 

21.3 

3.0 

6.7 

.7 

.0 

.0 

.0 

L2 

.0 

.0 

.0 

.0 

10.6 

7.5 

.0 

.6 

.0 

1.5 

.0 

.9 

6.7 

.0 

.0 

.0 

^Do!:::::::::;;:::::::. :::::. :...:::... 

11.9 

Do 

Xylene. 

Toi:........,.... 

1.2 

Do 

Tolueoe 

Do 

.9 

Do 

BenseDe.. 

Do 

1.2 

Do 

NAPHTHALENE   FORMATION. 

The  results  presented  in  Table  42,  showing  the  naphthalene  formed 
in  the  experiments,  indicate  that  naphthalene  is  generally  one  of  the 
products  of  the  cracking  of  the  monocyclic  compoimds  cymene, 
xylene,  toluene,  and  benzene.  This  is  in  part  contrary  to  the  obser- 
vation of  Haber  ",  who  states  that  although  diphenyl  may  be  pro- 
duced by  the  pyrogenic  decomposition  of  benzene,  naphthalene  is 
not  so  formed.  Diphenyl  was  undoubtedly  produced  in  the  present 
experiments,  although  no  attempt  was  made  to  isolate  or  identify  it. 
Direct  evidence  was  obtained  of  the  formation  of  naphthalene  and  in 
some  experiments  it  appeared  in  considerable  quantity  in  the  cooled 
distillates. 

Tablb  42. — Resvlts  of  cracking  four  aromatic  hydrocarbons  under  various  condUions  qf 
temperature  and  pressure ,  SMwing  qualitative  indications  of  naphthalene  formation. 


Furnace  oonditlons. 

Naphthalene  present  (+)  or  absent  (— ) 
as  result  of  cracking-^ 

Temper- 
ature. 

Pressure. 

Cymene. 

Xylene. 

Toluene. 

Benzene. 

650 
650 
650 
650 
725 
725 
725 
725 
800 
800 
800 
800 

AtmonkeTe. 

12 
18 

"\ 

12 
18 

12 
18 

+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

•  Haber  ,F.,  Theorie  der  pyrogen  reationen  allphatischer  KohlenwasserBtofle:  Ber.  Deut.  ohem.  GeselL, 
Jahrg.  29«  Bd.  8|  1806|  p.  2601.  ' 
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ANTHBAGENE  FOBMATION. 

The  indications  of  anthracene  formation  in  the  experiments  were 
not  particularly  satisfactory,  but  the  experiments  established  the 
fact  that  anthracene  may  be  formed  by  the  heating  of  the  other 
hydrocarbons.  Anthracene  is  formed  with  some  readiness  by  the 
cracking  of  naphthalene  and  it  occasionally  appears  in  the  higher 
distillation  cuts  from  the  runs  with  liquid  hydrocarbons.  Table  43, 
showing  the  qualitative  results  of  tests  for  anthracene  formation, 
follows. 

Table  43. — Results  of  cracking  five  aromatic  hydrocarbons  under  varUms  conditions  of 
temperature  and  pressurey  shoioing  qitalitative  indications  of  anthracene  formation. 


Furnace  oooditJaDS. 

Anthracene  present  (+).  or  absent  (— )  as  result 

fAcmaking— 

Temper- 
ature. 

Pressure. 

Cymene. 

Xylene. 

Toluene. 

Benxene. 

Naph- 
thalene. 

•c. 

650 
650 
660 
660 
725 
725 
725 
725 
800 
800 
800 
800 

Atmo9]^ure. 

12 
18 

12 

18 

12 
18 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

• 

A  Vacuum. 
EXPERIMENTS  WITH  FETB.OLBT7K  AS  INITIAL  MATERIAL. 

To  support  the  evidence  obtained  from  cracking  experiments  in 
which  pure  aromatic  hydrocarbons  were  the  original  material  a 
different  angle  of  attack  was  adopted.  The  order  of  formation  hav- 
ing been  demonstrated,  it  appeared  that  of  a  necessity  similar  rela- 
tions should  maintain  among  aromatic  hydrocarbons  derived  from 
petroleum.  An  investigation  was  carried  out  in  which  cracked  oils 
varying  in  specific  gravity  from  0.84  to  1.05  were  produced  in  quan- 
tities sufficient  to  permit  careful  analysis. 

The  furnace  employed  was  a  tube  10  feet  long  and  8  inches  in 
diameter,  heated  by  gas.  Its  use  permitted  a  feed  of  15  to  20  gallons 
an  hour  of  original  oil  and  a  correspondingly  large  recovery — 20  to 
50  per  cent  of  the  original. 

Although  the  use  of  such  a  large  cracking  furnace  had  the  advan- 
tage of  yielding  sufficiently  large  quantities  of  cracked  oil  to  permit 
the  makhig  of  satisfactory  analyses  there  were  the  following  difficulties 
that  should  receive  mention,  although  in  no  way  did  they  decrease 
the  value  of  the  results  obtained.    Pressures  could  be  regulated  as 
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well  in  the  laige  apparatus  as  in  the  small  one,  but  the  accurate 
control  of  temperature  throughout  the  whole  of  a  tube  10  feet  long 
and  8  inches  in  diameter  obviously  involved  difficulties.  The  runs 
were  conducted  with  much  care  and  with  a  knowledge  of  details  of 
manipulation  acquired  in  the  course  of  several  hxmdred  previous 
experiments  of  the  same  sort.  The  temperatures  recorded  are, 
however,  representative  only  of  a  moderately  accurate  average  and 
no  stress  is  laid  on  them  in  the  present  connection.  The  conditions 
of  the  run!9  were  so  regulated  as  to  produce  cracked  oils  of  specific 
gravities  varying  over  a  considerable  range. 

GENERAL   SCHEME  OF   PROCEDUBE. 

The  original  material  was  a  special  fuel  or  gas  oil,  a  distillate 
obtained  from  Pennsylvania  crude.  Its  specific  gravity  was  0.83 
and  its  boiling  range  between  300®  and  400®  C. 

Rims  were  made  with  the  furnace  described  above,  the  condensed 
liquid  (cracked  oil)  being  the  only  product  coUected  and  examined. 

Percentage  recoveries  were  determined  and  specific  gravities  meas- 
ured. The  method  of  analysis  was  that  of  distillation  and  specific 
gravity. 

The  metheds  used  in  obtaining  naphthalene  and  anthracene  were 
not  of  the  same  degree  of  accuracy  as  those  for  obtaining  the  miono- 
cyclic  hydrocarbons,  but  the  results  proved  to  be  satisfactory.  The 
two  hydrocarbons  mentioned  were  contained  in  the  cuts  above 
175®  C.  left  after  the  first  distillation.  This  cut  was  subjected  to 
further  fractionation  and  two  parts  separated,  one  boiling  at  175°  to 
270®  C,  and  the  other  at  270®  C.  up  to  the  point  where  actual  tar  be- 
gan to  come  over.  The  quantities  of  the  two  hydrocarbons  formed 
in  these  cuts  were  determined  by  the  simple  process  of  chilling, 
pressing  out,  and  weighing  the  separate  soHd. 

RESULTS  OF   EXPERIMENTS. 

The  results  of  the  experiments  appear  in  Table  44,  following.  The 
figures  in  the  first  five  columns  have  to  do  with  the  cracked  oil,  its  con- 
ditions of  production,  and  its  properties. 
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Table  4i.—ResulU  of  cracking  a  fuel-oil  distillate  under  furnace  condUions  so  regulated 
as  to  produce  recovered  oils  cf  various  specific  or avities,  showing  percentages  of  benzene, 
toluene  f  xylene,  naphthalene,  and  anthracene  formed, 

[Analyses  performed  hy  the  method  of  distiUatbrn  and  spedflc  gravity;  percentages  are  by  weight.] 


Fnniaoedata. 


200 
200 
250 
250 
250 
200 
2S0 
20O 


i 


0600 
700 
650 
700 
650 
625 
600 
550 


o 


14 
14 
15 
15 
15 
14 
15 
14 


OUre- 
oovered. 


5 
P^ 


30.0 
20.0 
23.5 
22.5 
23.5 
30.0 
31.2 
55.0 


|s 


1.018 
1.000 
.992 
.978 
.954 
.938 
.900 
.837 


Distillation  analysis. 


s 


36.2 
39.3 
39.5 
42.4 
65.8 
44.8 
52.2 
30.0 


^.874 
«876 
.873 
.870 
•  866 
.860 
.817 
.762 


Percentage  in  cuts 
to  176^5.  of— 


52.9 
52.6 
50.6 
47.6 
29.6 
27.4 
15.1 
.0 


28.8 
28.6 
30.0 
29.3 
31.5 
30.0 
23.0 
10.2 


I 


8.6 
11.7 
11.2 
11.9 
19.4 
15.7 
13.6 

7.1 


Percentage  in  cracked  oils 
of— 


19.1 
20.7 
20.0 
20.2 
16.5 
12.3 
7.9 
.0 


10.4 
11.2 
12.2 
12.4 
17.8 
13.4 
12.0 
4.0 


I 


3.1 
4.6 
4.4 
5.0 
10.8 
7.0 
7.1 
2.8 


•a 


14.1 

8.1 

7.0 

2.0 

.0 

.0 

.0 

.0 


9.6 
3.8 
.0 
.0 
.0 
.0 
.0 
.0 


1.018 
1.000 
.992 
.978 
.054 
.«38 
.900 
.837 


•  Obviously  experimental  error. 


DISCUSSION  or  TABT7LATBD  DATA. 


The  results  shown  in  the  table  are  not  particularly  easy  to  in- 
terpret. By  plotting,  however,  the  indications  of  importance  may 
be  brought  out  in.a  striking  manner.  In  figure  35  curves  have  been 
plotted,  the  abcissas  showing  specific  gravities  of  recovered  oil  and 
the  ordinates  percentages  by  weight  of  the  five  hydrocarbons  con- 
tained in  the  oil.  Average  curves  are  given,  as  the  irregularities, 
due  to  experimental  error  (imperfect  condensation),  would  other- 
wise lessen  the  value  of  the  indications  obtained.  It  is  to  be  noted 
also  that  no  pretense  is  made  of  having  analyzed  the  cracked  oils 
for  all  constituents.  The  five  hydrocarbons  were  chosen  on  account 
of  their  commercial  importance  and  because  they  were  typical. 

It  will  be  noted  that  toluene  and  xylene  were  found  in  a  sample 
that  yielded  no  benzene  and  that  the  curves  for  toluene  and  xylene 
bear  a  more  or  less  constant  relation  to  each  other.  Xylene  per- 
centages are  about  half  those  of  toluene,  and  the  maximum  for  each 
of  the  two  curves  occurs  at  the  same  point  on  the  horizontal  axis, 
this  representing  most  favorable  conditions  for  the  formation  of 
these  two  aromatic3.  Benzene  is  a  product  of  more  vigorous  cracking ; 
it  begins  to  form  at  a  higher  point  on  the  scale  adopted  and  has  a 
higher  maximum.  The  proportion  of  benzene  formed  runs  between 
the  proportions  of  toluene  and  xylene  until  the  latter  two  pass  their 
maximums.  The  benzene  maximum  is,  however,  greater  than  that 
of  toluene. 

The  figures  covering  the  formation  of  naphthalene  and  of  anthra- 
cene are  few,  but  furnish  important  indications.  Naphthalene  for- 
mation begins  at  about  the  point  where  the  formation  of  xylene 
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and  toluene  commences  to  fall  off.  The  naphthalene  curve  ascends 
rapidly  at  the  upper  limit  of  the  range  of  temperatures  used  in  the 
experiments,  and  there  is  no  indication  that  it  has  begun  to  approach 
its  maximum.  Cracking  conditions  to  produce  anthracene  must  be 
even  more  strenuous  than  those  to  produce  naphthalene. 

GBNEBAL  SXJMMABY. 

The  results  of  the  experiments  described  show  that  from  cymene 
it  is  possible  to  produce  by  '* cracking"  all  the  other  hydrocarbons 
of  the  series,  such  as  xylene,  toluene,  benzene,  naphthalene,  and 
anthracene.  From  xylene  results  toluene,  benzene,  naphthalene, 
and  anthracene,  but  no  cymene.  Toluene  yields  benzener,  naph- 
thalene, and  anthracene,  but  no  cymene  and  no  xylene.  Benzene 
goes  to  naphthalene  and  anthracene,  but  not  to  any  of  its  higher 
homologues.  From  naphthalene  anthracene  is  readily  obtainable, 
but  none  of  the  monocyclic  hydrocarbons,  benzene,  toluene,  xylene, 
and  cymene,  is  produced.  Anthracene  yields  no  naphthalene,  but 
goes  to  tarry  matter,  carbon,  and  gas. 

Likewise  it  appears  that  the  formation  of  higher  benzene  homo- 
logues is  favored  by  less  strenuous  conditions  of  cracking  than  con- 
stitute an  optimum  for  benzene.  Polycydic  hydrocarbons  are 
shown  to  be  decomposition  products  of  monocyclic  hydrocarbons, 
as  production  of  the  latter  falls  off  under  cracking  conditions  that 
favor  the  formation  of  such  typical  compounds  as  naphthalene  and 
anthracene. 

On  the  basis  of  the  evidence  at  hand  it  seeQis  justifiable  to  state 
that  the  course  of  the  cracking  reaction  in  the  aromatic  series  may 
be  indicated  as  follows  and  that  practically  no  reverse  action  occiu^. 

Higher  benzene  homologues  ^  lower  benzene  homologues  ^  benzene  ^ 
(diphenyl)  4p±  naphthalene  ^  anthracene  ^  carbon  and  gas. 

APPLICATION  TO  OTHER  FIELDS  OF  PEINCIPLES  ESTABLISHED  BT 

HTDEOCAEBON  REACTIONS. 

The  technical  and  industrial  importance  of  the  different  reactions 
reported  herein  is  much  greater  than  their  application  to  the  treat- 
ment of  petroleum  alone  would  indicate.  The  principles  involved  are 
equally  applicable  to  the  treatment  of  coal,  lignite,  peat,  bitumen, 
or  any  other  substance  capable  of  yielding  liquid  hydrocarbons. 
In  fact,  the  field  for  application  of  these  principles  is  even  greater 
as  regards  these  other  substances  because  of  their  greater  extent 
and  production.  The  output  of  petroleum  in  the  United  States, 
although  65  per  cent  of  that  of  the  whole  world,  is  decidedly  secondary, 
on  the  basis  of  volume  and  tonnage,  to  that  of  solid  fuels,  indicating 
at  once  the  tremendous  possibilities  in  the  production  of  tar  and 
other  hydrocarbons  from  coal  and  the  other  materials  enumerated. 
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In  view  of  the  widely  varying  percentages  of  the  different  aromatic 
hydrocarbons  obtainable  from  a  crude  oil,  and  in  view  of  the  coTirse 
of  reactions  among  aromatic  hydrocarbons,  a  most  significant 
feature  is  that  there  are  present  in  the  tars  resulting  from  most 
present-day  distillations  of  coal  a  small  percentage  of  low-boiling 
aromatic  hydrocarbons,  such  as  benzene  and  toluene,  and  a  very 
large  percentage  of  aromatic  hydrocarbons  of  large  molecular  weight 
such  as  naphthalene  and  anthracene.  The  latter  imdoubtedly  are 
formed  in  some  stage  of  the  operation  from  monocyclic  aromatic  hydro- 
carbons. In  practically  all  coal  tars  there  is  less  than  one  part  of 
toluene  to  three  parts  benzene.  It  is  furthermore  conmion  inf onna^ 
tion  that  naphthalene,  methyl-napthalenes,  methyl-anthracenes, 
anthracenes,  etc.,  are  present  in  large  proportions.  In  the  light  of 
the  investigations  reported,  which  unquestionably  indicate  the 
course  of  reaction  to  be  first  in  the  formation  of  the  higher  members 
of  the  benzene  series,  then  progressively  to  the  formation  of  toluene, 
benzene,  naphthalene,  anthracene,  carbon,  and  gas,  it  is  to  be  con- 
cluded that  practically  every  present  coal-distillation  process  carries 
the  cracking  to  the  point  of  ruinous  decomposition  of  benzene  and 
toluene  in  the  formation  of  the  higher  boiling  aromatics.  The 
Bureau  of  Mines  is  at  present  investigating  this  feature. 


PART  n.— DESCRIPTION  OF  LARGE-SCALE  DEVELOPMENT 
OF  BENZENE-TOLUENE  AND  GASOLINE  PROCESSES. 

PURPOSE  OF  EXPEEIMENTS. 

In  connection  with  the  description  of  and  comment  on  the  large- 
scale  development  of  the  benzene-toluene  process  which  follows,  it 
should  be  kept  in  mind  that  the  object  in  view  was  to  demonstrate 
the  commercial  feasibility  of  the  process.  Certain  refinements  in 
mechanical  equipment  were  out  of  the  question  at  the  outset  for  two 
reasons.  The  first  was  that  such  devices  were  not  suited  to  minute 
study  of  each  step  in  the  process;  the  second  was  that  they  could  be 
installed  at  any  time  after  the  commercial  possibilities  of  the  process 
had  been  demonstrated.  For  instance,  such  obvious  improvements 
as  feeding  the  oil  by  a  single  pump  through  a  common  header,  or  the 
use  of  one  large  condenser  for  all  the  tubes  in  place  of  individual  con- 
densers for  each  tube,  were  set  aside  in  favor  of  less  desirable  mechan- 
ical arrangements  by  which  each  tube  could  be  kept  as  a  separate 
imit  and  its  products  analjrzed  apart  from  those  of  the  remaining 
tubes. 

As  regards  the  condenser  installations  described  herein,  it  must  be 
borne  in  mind  that  these  were  not  intended  for  continuous  operation, 
24  hours  a  day,  as  their  capacity  was  limited  to  runs  of  4  to  5  hours' 
duration.  For  short  runs  they  served  the  purpose  admirably  and 
made  possible  the  analysis  and  study  of  the  products  from  each  tube, 
but  for  long  runs  their  efficiency  was  low.  The  recovered  oil  often 
left  the  condensers  at  the  end  of  a  run  of  considerable  duration  at  a 
temperature  higher  than  the  boiling  point  of  benzene  and  toluene. 
This  high  temperature  naturally  caused  heavy  evaporation  losses 
and  is  responsible  for  the  relativdy  low  and  inconsistent  yields  which 
are  reported  for  the  period  of  purely  experimental  development 
covered  by  this  bulletin.  It  can  safely  be  stated  that  the  total  yield 
of  low-boiling  aromatic  hydrocarbons  reported  could  have  been 
doubled  by  the  installation  of  an  adequate  condensing  system  sup- 
plemented by  apparatus  for  washing  or  scrubbing  the  uncondensed 
gases. 

It  wiU  readily  be  recognized  that  it  was  first  necessary  to  prove  that 
the  process  would  work  as  well  on  a  commercial  basis  as  in  the 
laboratory.  This  could  be  done  only  at  the  sacrifice  of  a  very  con- 
siderable percentage  of  the  product  formed.  Elimination  of  this  loss 
was  regarded  as  a  mere  matter  of  course,  to  be  taken  up  at  will. 
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These  losses  continued,  however,  throughout  the  period  covered  by 
the  data  published  in  this  bulletin.  At  the  present  writing  a  large 
and  efficient  condenser  with  an  effective  cooling  surface  of  approxi- 
mately 250  square  feet  is  being  installed,  also  a  large  gas  scrubber. 

Another  feature  for  which  allowance  must  be  made  in  considering 
the  discussion  of  mechanical  apparatus  is  the  fact  that  all  commercial- 
scale  equipment  was  designed  on  the  basis  of  experience  with  labora- 
tory-size apparatus.  The  deficiency  in  mechanical  perfection  is  of 
less  importance  than  the  fact  that  it  was  possible  on  such  a  meager 
basis  to  complete  an  installation  that  required  so  few  radical  changes 
in  its  development  and  has  worked  so  well. 

No  attempt  has  been  made  to  conceal  any  weaknesses  in  the  devel- 
opment of  the  process.  Indeed  emphasis  has  been  placed  on  them  in 
the  belief  that  the  negative  information  thus  furnished  is  of  equal  if 
not  greater  value  than  that  supplied  by  the  relation  of  favorable  facts 
only. 

Too  rigid  deductions  should  be  not  drawn  from  the  data  included 
in  the  tables.  The  conditions  under  which  the  large^cale  experi- 
ments were  conducted,  the  lack  of  adequate  condensation,  which 
reduced  the  yields  as  much  as  50  per  cent  below  what  could  have  been 
recovered,  variations  in  rate  of  flow  of  oil  into  the  tubes,  and  inaccu- 
racy in  the  reading  of  temperattlres,  all  had  their  effect,  so  that  the 
accuracy  ia  the  results  in  nowise  compares  with  that  in  the  laboratory 
experiments  covered  by  Part  I.  The  important  point  to  be  observed 
is  the  fact  that  low-boiling  aromatic  hydrocarbons  were  formed  in 
commercial  quantities,  and  that  these  quantities  can  be  lai^ely  in- 
creased with  proper  condensing  equipment  and  other  mechanical 
improvements. 

PUBLIC  DEMONSTRATION  OF  PROCESSES. 

In  February,  1915,  the  results  which  had  shaped  themselves  from 
the  experimental  work  were  communicated  to  the  Director  of  the 
Bureau  of  Mines.  After  the  conclusions  had  been  verified  a  public 
demonstration  of  the  operation  of  the  two  processes  was  given  in  the 
laboratory  of  the  department  of  engineering  chemistry,  CJolumbia 
University,  New  York,  on  March  8,  1915.  Invitations  had  been  ex- 
tended to  representatives  of  the  National  Petrolexun  Refiners'  Asso- 
ciation through  its  secretary,  Judge  C.  D.  Chamberlain,  of  Cleveland, 
Ohio,  and  to  representatives  of  the  Standard  Oil  Co.  of  Indiana,  the 
General  Chemical  Co.,  the  E.  I.  du  Pont  de  Nemours  Powder  Co.,  the 
Aetna  Explosives  Co.,  and  a  number  of  other  concerns.  The  demon- 
stration was  witnessed  by  more  than  100  persons,  including  oil  man 
and  others  interested  in  the  industrial  application  of  the  processes. 

Previous  annoimcement  of  the  discovery  of  the  processes  had  been 
made  by  the  Secretary  of  the  Interior,  under  date  of  March  1,  1916. 
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FoUowing  this  announcement  an  offer  to  cooperate  in  the  develop- 
ment of  the  benzene-toluene  process  was  submitted  by  the  Aetna 
Explosives  Co.,  of  New  York.  Action  on  this  offer  was  deferred  till 
after  the  demonstration  in  order  that  all  who  so  desired  might  have 
an  opportimity  to  indicate  their  willingness  to  cooperate  in  like 
manner. 

At  the  time  of  this  demonstration  further  announcement  was  made 
by  the  Director  of  the  Bureau  of  Mines  that  the  bureau  was  ready  to 
receive  and  consider  offers  of  cooperation  in  the  development  of  the 
processes,  in  order  to  demonstrate  their  practicability  in  large-scale 
operations  and  under  the  stress  of  competitive  conditions. 

AGREEMENT  WITH  AETNA  EXPLOSIVES  COBIPANT  FOE  DEVELOP- 
MENT OF  BENZENE-TOLUEBfE  PROCESS. 

The  proposal  of  the  Aetna  Explosives  Co.  to  cooperate  with  the 
Bureau  of  Mines  in  demonstrating  the  commercial  practicability  of 
the  benzene-toluene  process  was  accepted  as  of  March  9,  1915,  and  a 
contract  entered  into  whereby  the  Aetna  company  pledged  itself  to 
the  expenditure  of  not  less  than  $200,000  in  the  development  of  the 
process.    A  copy  of  the  contract  follows: 

This  agreement  made  and  entered  into  in  triplicate  this  9th  day  of  March,  A.  D. 
1915,  by  and  between  The  United  States  Bureau  of  Mines,  by  its  duly  authorized 
officers,  hereinafter  called  the  first  party,  and  The  Aetna  Explosives  Company,  Incorpo- 
rated, a  corporation  oiganized  and  existing  imder  the  laws  of  the  State  of  New  York, 
and  having  its  principal  office  at  2  Rector  Street,  in  the  city,  county,  and  State  of 
New  York,  and  duly  authorized  to  carry  on  business  in  the  State  of  Pennsylvania, 
hereinafter  called  the  second  party. 

Whereas  the  said  Bureau  of  Mines  is  by  the  act  of  February  25, 1913,  (37  Stat.,  681) 
especially  chaxged  with  the  duty  of  conducting  scientific  and  technologic  investiga- 
tions concerning  the  treatment  and  utilization  of  mineral  substances  with  a  view  to 
increasing  efficiency,  economic  development,  and  conserving  resources  through  the 
prevention  of  waste,  and 

Whereas  the  sundry  civil  appropriation  acts  approved  August  1, 1914,  and  March  4, 
1915,  respectively  contain  appropriations  of  twenty-five  thousand  and  thirty-five 
thousand  dollars  for  inquiries  and  investigations  concerning  the  mining,  preparation, 
treatment,  and  utilization  of  petroleum  and  natural  gas,  with  a  view  to  economic 
development  and  conserving  resources  through  the  prevention  of  waste,  and 

Whereas  Dr.  Walter  F.  Rittman,  a  chemical  engineer  in  the  employ  of  the  first  party, 
has  recently  discovered  a  new  9nd  valuable  process  for  the  manufacture  of  benzene, 
toluene,  and  other  aromatic  compounds  from  petroleum  hydrocarbons  (hereinafter 
referred  to  as  the  process),  and 

Whereas  it  is  desired  to  develop  ssid  process  for  the  benefit  of  the  people  of  the  United 
States  and  to  secure  the  cooperation  of  the  said  first  and  second  parties  in  the  develop- 
ment of  said  process  with  a  view  to  conserving  the  petroleum  resources  of  the  nation 
through  the  utilization  of  waste  and  inferior  oils,  and  in  promoting  efficiency  in  the 
treatment  of  petroleum  oils,  in  which  work  it  la  desirable  to  have  the  cooperation  of 
chemists,  mechanical  engineers,  electricians,  and  other  employees  in  the  employ  of 
either  or  both  of  the  aforesaid  parties: 

Now,  therefore,  this  agreement  witnesseth  that  in  consideration  of  the  cooperation 
of  the  said  first  and  second  parties  in  the  development  of  the  piocoes  aud  of  services 
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to  be  fumiahed  and  moneys  to  be  expended  by  each  of  the  aatd  parties,  all  aa  herein- 
after set  forth,  the  first  and  second  parties  do  hereby  agree  as  follows: 

1.  The  first  party  shall  furnish  the  services  of  a  competent  chemical  engineer  in  the 
person  of  Dr.  Rittman  or  his  successor  and  an  awdstant  or  asmstants,  in  its  discretion 
to  cooperate  In  the  development  of  the  process  and  the  designing  and  perfection  of  the 
machinery  and  other  equipment  necessary  for  the  practice  of  the  8»id  process,  and 
shall  pay  the  salary  and  expenses  of  said  chemical  engineer.  The  salary  and  ex- 
penses of  the  said  assistant  or  assistants  furloughed  for  this  purpose  by  the  first  party 
to  be  paid  by  the  second  party. 

2.  The  second  party,  within  fifteen  liays  from  the  date  hereof,  shall  provide,  in  the 
City  of  Pittsburgh,  Pennsylvania,  or  elsewhere,  a  building  suitable  for  the  Installation 
of  a  plant  for  putting  the  said  process  into  practical  operation,  and  shall  provide 
in  said  building  suitable  and  necessary  laboratory  facilities  and  accommodations 
and  in  consideration  of  the  premises  the  second  party  agrees  that  the  &cilities  of 
such  laboratory,  so  far  as  may  be  done  without  interfering  with  the  work  incident 
to  the  development  of  the  process,  shall  be  available  to  other  employees  of  the  first 
party  engaged  on  independent  research  work  under  the  supervision  of  the  aforesaid 
chemical  engineer,  the  salaries  and  expenses  of  all  such  additional  employees  to  be 
paid  by  the  first  party  out  of  the  funds  appropriated  for  such  purposes. 

3.  The  second  party  agrees  that  it  will  install  the  process  and  work  out  its  applica- 
bility on  a  commercial  scale  of  magnitude  and  shall  not  desist  therefrom  without  the 
consent  of  the  first  party  until  it  shall  have  expended  the  sum  of  two  hundred  thou- 
sand dollars,  or  such  part  thereof  as  may  be  necessary  to  sufi&ciently  demonstrate  the 
commercial  appUcability  of  the  process. 

4.  It  is  expressly  agreed  by  and  between  the  parties  hereto  that  all  patentable 
devices,  improvements,  processes,  and  developments  originated  by  the  employees  of 
the  first  party  or  by  the  employees  of  the  second  party,  working  under  the  direction 
of  the  employees  of  the  first  party,  shall  at  the  option  of  the  first  party  be  patented 
in  the  United  States  and  the  patents  assigned  to  the  Secretary  of  the  Interior,  as 
trustee  for  the  public,  and  the  parties  hereto  shall,  so  fiir  as  possible,  take  appropriate 
steps  to  make  this  provision  effective. 

5.  It  is  further  expressly  understood  and  agreed  that  the  first  party  shall  be  at  liberty 
to  make  public  from  time  to  time  all  such  information  concerning  the  development 
of  the  process,  the  details  of  plant  construction,  and  methods  of  operation  as  it  may 
consider  of  public  benefit  and  essential  to  the  understanding  of  the  practical  workings 
of  the  process  by  the  general  public:  Provided^  however ,  That  no  publication  shall  be 
made  of  any  information  acquired  during  the  life  of  this  agreement  r^paiding  the  busi- 
ness or  trade  secrets  of  the  second  party  other  than  as  hereinbefore  provided,  and  the 
second  party  hereby  agrees  that  no  information  concerning  the  process,  details  of 
plant  construction,  or  methods  of  operation  shall  be  made  public  by  it  or  by  any  c^ 
its  employees  with  its  knowledge  or  consent  during  the  term  hereof  without  the 
approval  of  the  first  party. 

6.  It  is  further  understood  and  agreed  that  this  cooperative  work  by  the  second 
party  shall  be  under  the  control  and  supervision  of  the  chemical  engineer  aforesaid 
or  his  assistant  and  that  the  installation  and  operation  necessary  for  the  proper  com- 
mercial test  of  the  process  shall  be  in  accordance  with  his  direction  until  such  time 
as  this  agreement  shall  have  expired  or  have  been  terminated,  or  untO  such  time  as 
the  first  party  shall  consider  that  a  sufiScient  demonstration. has  been  made  of  the 
practicability  of  the  process  and  further  cooperation  is  unnecessary.  Nothing  herein 
contained  shall  be  construed  to  obligate  the  first  party  to  devote  the  entire  time  xA  the 
said  chemical  engineer,  his  assistant,  or  assistants  to  the  work  herein  contemplated 
other  than  is  reasonably  necessary  to  carry  out  the  objects  of  this  agreement,  and  the 
first  party  reserves  the  right  to  utilize  such  portion  of  the  time  and  services  of  the 
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aforesaid  engineer  and  aaaistants  as  can  be  utilized  without  interfering  with  the  prog- 
ress of  the  work  contemplated  hereunder. 

7.  This  agreement  shall  be  in  force  and  e£fect  until  June  30, 1915,  or  for  such  further 
length  of  time  in  no  case  extending  beyond  June  30, 1916,  as  may  be  necessary  for  the 
accomplishment  of  the  objects  hereof.  Said  agreement  may  be  terminated  by  either 
party  hereto  upon  the  expiration  of  six  months  from  the  date  hereof  upon  giving 
written  notice  to  this  effect  to  the  other  party  hereto  thirty  days  in  advance  of  the 
proposed  termination. 

In  witness  whereof,  on  the  day  and  year  first  hereinbefore  written,  the  United 
States  Bureau  of  Mines  has  caused  these  presents  to  be  executed  by  Van.  H.  Manning, 
acting  director,  thereunto  duly  authorized,  and  on  the  day  last  aforesaid  The  Aetna 
Explosives  Company,  Incorporated,  by  resolution  of  the  board  of  directors  hereto 
attached  has  caused  these  presents  to  be  executed  by  A.  J.  Moxham,  its  president, 
and  its  corporate  seal  to  be  affixed  hereto  by  W.  H.  Evans,  its  secretary. 
Witnesses: 

(Signed)  Van.  H.  Manning, 

Acting  Director^  Bureau  of  Mines. 
The  Aetna  Explosives  Company,  Inc., 
By  (signed)  A.  J.  Moxham, 

President. 
Attest: 
(Signed)  W.  H.  Evans, 

Secretary, 
Approved:  Mar.  11, 1915. 

(Signed)  Franklin  K.  Lane, 

Secretary  of  the  Interior. 

POUCT  OF  THE  DEPARTMENT  OF  THE  INTERIOR  REGARDING  USB  OF 
GASOLINE  AND  BENZENE-TOLUENE  PROCESSES. 

Applications  for  patents  on  the  gasoline  and  benzene-toluene 
processes  were  filed  early  in  March,  1915,  and  the  applications  have 
since  taken  their  regular  course  in  the  Patent  Office. 

In  order  that  the  fullest  possible  benefit  may  be  realized  by  the 
public  from  the  discoveries,  it  has  been  decided  to  have  the  patents, 
when  granted,  administered  by  the  Secretary  of  the  Interior  as  trustee 
who  will  issue  licenses  or  permits  to  all  those  seeking  to  employ  the 
processes.  No  royalty  or  other  monetary  payments  will  be  required. 
Although  the  use  of  the  processes  is  to  be  free  of  charge  to  all  citizens 
of  the  United  States,  it  has  been  considered  necessary  for  the  protec- 
tion of  the  basic  patents,  that  licensees  shall  assign  to  the  Secretary 
of  the  Interior,  as  trustee,  all  patentable  improvements,  relating  to 
the  processes,  that  may  be  developed  by  them  during  the  employ- 
ment of  the  process.  It  is  felt  that  if  each  licensee  obtains 
the  benefits  of  the  improvements  worked  out  by  his  colicensees 
there  is  no  particular  hardship  in  his  being  compelled  to  turn 
over  to  the  Government  such  improvements  of  a  patentable  character 
as  may  originate  with  himself  or  his  employees.  The  justness  of  this 
condition,  it  is  believed,  will  readily  be  recognized. 
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Although,  legally  speaking,  no  license  or  permit  can  be  granted  for 
the  use  of  a  patentable  invention  prior  to  the  grant  of  letters  patent 
the  Department  of  the  Interior  has  adopted  the  use  of  a  provisional 
form  of  license  as  a  means  of  permitting  the  general  use  of  the  processes 
while  the  patents  are  pending.  A  copy  of  the  form  of  license  adopted 
is  given  below. 

XJ0XV8S  rO&  U8S  OF  THX  BXTTXAV  P&OCS8S-VOVEXOLVSIVX- 

WITHOTJT  &OYALTT. 

This  agreement,  made  and  entered  into  in  duplicate  this day  of , 

A.  D.  191. .  y  between  the  Bureau  of  Mines,  acting  in  this  behalf  by 

Director,  hereinafter  called  the  first  party,  and 


--» 


hereinafter  called  the  second  party: 

Witneeseth,  That  whereas  Walter  F.  Rittman,  a  chemical  engineer  in  the  employ 
of  the  first  party,  has  discovered  a  new  and  valuable  process  iot  the  manufacture  of 

from  heavy  liquid  hydrocarbons  (hereinafter  referred  to  as  the 

process),  and 

Whereas  the  said  discovery  is  covered  by  pending  application  for  letters  patent; 
and 

Whereas,  the  second  party  is  desirous  of  employing  such  process  in  advance  of  the 
issuance  of  a  patent: 

No\( ,  therefore,  the  said  first  and  second  parties  do  hereby  agree  as  follows: 

1.  The  first  party,  in  consideration  of  the  covenants  and  agreements  hereinafter 
contained  to  be  observed  and  performed  by  the  second  party,  hereby  licenses  and 
empowers  the  second  party  to  use  the  said  process,  subject  to  the  conditions  herein- 
after named,  at factory  in ,  and  in  no  other  places. 

2.  The  second  party  agrees  that  all  devices,  improvements  in  processes,  equip- 
ment, apparatus,  or  development,  or  any  matter  or  thing  which  may  be  necessary 
or  desirable  to  be  used  in  connection  with  the  said  process,  originated  by  the  second 
party,  or  by  its  agent  or  employees,  during  the  life  of  this  agreement,  shall  be  promptly 
and  fully  communicated  to  the  first  party  in  order  that  letters  patent  thereon  may  be 
applied  for  in  the  discretion  of  the  first  party,  the  cost  of  obtaining  such  letters  patent, 
including  the  Patent  Office  fees,  to  be  paid  by  the  second  party. 

3.  The  second  party  further  agrees  to  transfer  and  assign,  or  cause  to  be  transferred 
and  assigned,  to  the  Secretary  of  the  Interior,  as  trustee  for  the  public,  or  to  such  other 
person  or  agent  as  may  be  designated  by  the  first  party  for  such  purpose,  all  the  right, 
title,  and  interest  of  said  second  party  or  of  its  agents  or  employees  in  and  to  the  afore- 
said devices,  improvements,  processes,  equipment,  apparatus,  development,  matters 
or  things  as  regards  the  United  States,  and  further  agrees  to  assign  and  transfer,  or 
cause  to  be  transferred  and  assigned,  all  right,  title,  and  interest  as  aforesaid  as 
regards  all  countries  or  places  outside  of  the  United  States,  to  the  said  Walter  F. 
Rittman,  his  heirs  or  assigns. 

4.  The  second  x>arty  further  agrees  not  to  make  public  in  any  way  any  details  of 
the  process  which  may  be  communicated  to  it,  or  which  it  may  learn  by  reason  of  the 
employment  of  such  process,  without  the  prior  obtained  consent  of  the  first  party. 

5.  The  second  party  further  agrees  to  furnish  the  first  party  upon  request  with  com* 
plete  working  plans  and  specifications  of  plant  construction,  eqiupment,  apparatus, 
machinery,  improvements,  and  devices  of  whatsoever  nature  or  character  used  in  the 
practice  of  or  in  connection  with  the  aforesaid  process,  and  to  furnish  such  party  with 
such  other  pertinent  information  and  records  appertaining  to  the  same  as  it  may  from 
time  to  time  request. 

6.  The  second  party  lastly  agrees  that  the  process  aforesaid  shall  be  used  only  in  the 
treatment  of  liquid  hydrocarbons  produced  in  the  United  States  of  America:  Provided, 
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That  the  process  may  be  employed  in  the  treatment  of  foreign-produced  oils  in  the 
United  States  upon  payment  to  Walter  F.  Kittman,  his  heirs  or  assigns,  of  a  reasonable 
royalty  to  be  mutually  agreed  upon  between  the  said  Rittman,  his  heirs  or  assigns, 
and  the  second  party. 

7.  The  first  party  shall  be  at  liberty  to  make  public  from  time  to  time  all  such 
information  concerning  the  development  and  use  of  the  process  in  the  aforesaid  Vic- 
tory of  the  second  party,  as  it  may  consider  of  public  benefitandessential  to  the  work- 
ing of  the  process  by  the  people  of  t&e  United  S  tates.  No  publication  shall  be  made  of 
any  information  acquired  regarding  the  business  and  trade  secrets  of  the  second  party 
other  than  as  hereinabove  provided. 

8.  The  first  party  agrees  to  grant  to  the  second  party,  upon  the  issuance  of  letters 
patent  covering  the  aforesaid  process,  a  license  to  employ  such  process  in  the  treat- 
ment of  petroleum  oils  or  other  liquid  hydrocarbons  produced  in  the  United  States 
upon  the  same  terms  and  conditions  as  the  process  may  be  permitted  to  be  employed 
by  any  and  all  other  persons  in  the  United  States. 

9.  It  is  further  mutually  understood  andfagreed  that  the  first  party,  in  its  discretion, 
shall  have  the  right  to  terminate  this  agreement  for  the  use  of  said  process  upon  viola- 
tion of  any  of  the  substantial  terms  or  conditions  hereof  or  for  nonuser  for  a  period  of 
not  exceeding  six  calendar  months.  Waiver  of  any  specific  cause  of  forfeiture  shall 
not  be  construed  to  prevent  forfeiture  for  any  other  or  like  cause  occurring  thereafter. 

In  witness  whereof,  on  the  day  and  year  first  hereinbefore  written,  the  parties 
hereto  have  subscribed  their  names  and  afiixed  their  seals. 


Director,  Bureau  of  Mines. 


FBOCEDXntE  TO  BE  FOLLOWED  IN  OBTAININa  A  LICENSE. 

Application  for  licenses  should  be  addressed  to  the  Director  of  the 
Bureau  of  Mines,  Washington,  D.  C.  The  application  will  receive 
prompt  consideration  and  such  advice  along  technologic  lines  and 
general  assistance  as  can  be  granted  will  be  extended.  Because  of 
the  limitations  put  on  the  use  of  its  ftmds  by  congressional  enact-" 
ment,  and  the  lack  of  a  suitable  organization  for  the  purpose,  the 
bureau  can  not  undertake  to  supervise  or  actively  assist  in  the  con- 
struction or  operation  of  any  plant  for  the  employment  of  either  or 
both  processes.  It  will,  however,  undertake  to  give  such  general 
information  and  assistance  as  it  can,  in  the  light  of  knowledge  and 
experience  acquired  in  connection  with  the  operation  of  the  proc- 

LABGB-SCALE  DETELOPlfENT  OF  BENZENE-TOLUENE  PROCESS. 

Under  the  terms  of  the  agreement  with  the  Aetna  Explosives  Co., 
the  contents  of  which  have  been  set  forth,  the  work  incident  to  the 
development  of  the  benzene-toluene  process  on  a  scale  of  commercial 
magnitude  was  begun  at  Pittsburgh,  Pa.  A  plant  was  acquired  and 
the  experimentation  was  begun  which  was  to  result  in  the  successful 
working  out  of  the  process  on  a  commercial  scale. 

The  general  layout  of  the  plant  where  the  process  has  been  operated 
is  shown  in  Plate  I,  A. 
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The  engineering  firm  of  Mackintosh,  Hemphill  &  Co.,  of  Pitts- 
burgh, Pa.,  was  retained  by  the  Aetna  company  for  the  purpose  of 
developing  the  mechanical  apparatus  necessary  for  the  large-scale 
utilization  of  the  process.  Mr.  C.  C.  Stutz  was  placed  by  this  com- 
pany in  direct  charge  of  engineering  matters,  under  the  general 
supervision  of  Dr.  F.  L.  Slooum,  as  representative  of  the  Aetna 
interests. 

bzfebucbnts  with  vabiotts  sizes  of  txjbbs. 

The  original  apparatus  which  was  used  in  the  laboratory  experi- 
ments, it  will  be  recalled,  consisted  of  a  tube  1  i  inches  in  diameter 
by  3  feet  in  length.  When  the  development  work  was  undertaken, 
a  tube  of  the  same  internal  diameter,  but  4}  feet  in  length,  was  tried 
out.  A  small  number  of  experiments  sufficed  to  show  that  the 
longer  tube  gave  the  same  general  results. 

The  next  step  was  an  increase  in  the  diameter  of  the  tube  from  1  i 
inches  to  2}  inches,  the  length  being  4  feet.  This  tube  gave  equally 
satisfactory  results,  and  was,  therefore,  promptly  abandoned  in  favor 
of  a  tube  4}  inches  in  diameter  and  6  feet  long.  The  use  of  a  craok- 
ing  chamber  of  this  size  was  found  to  give  results  comparable  with 
those  obtained  with  the  original  small  tube.  Some  half  dozen  or 
more  runs  were  made  at  varying  temperatures  and  rates  of  feed,  at  a 
pressure  ef  250  poimds  per  square  inch.  At  a  temperature  of  600**  C. 
and  a  rate  of  feed  of  8  gallons  per  hour  an  oil  of  0.94  specific  gravity 
was  recovered,  which  on  distillation  in  the  laboratory  gave  a  benzene 
yield  of  12  per  cent  and  a  toluene  yield  of  8  per  cent,  on  the  basis  of 
recovered  oil.  Sufficiently  favorable  results  were  obtained  with  this 
apparatus  to  justify  its  abandonment  in  favor  of  one  of  still  laiger 
size. 

EXPERIMENTS  WTTH  4J-IN0H  BY  10-FOOT  TUBE. 

In  the  next  series  of  experiments  the  length  of  the  tube  was  increased 
from  6  to  10  feet,  the  diameter  remaining  the  same.  It  was  found 
that  operations  at  comparable  temperatures  and  pressures  with  those 
used  in  the  shorter  tubes  gave  the  same  relative  yields  of  aromatic 
hydrocarbons.  The  increased  length,  however,  which  exposed  the 
gases  for  a  longer  period  of  time  to  the  influence  of  temperature  and 
pressure,  made  it  possible  to  increase  the  rate  of  feed  from  8  to  10 
gallons  per  hour.  This  change  illustrates  one  of  the  important  means 
of  controlling  the  time  element  in  a  gaseous  hydrocarbon  reaction. 

EXPERIMENTS  WITH  BATTERY  OF  TEN  4}-INCH  TUBES  10  FEET  LONG. 

The  results  obtained  with  the  single  4^inch  tube  were  of  such  a 
character  as  to  justify  experiments  to  determine  whether  or  not  satis- 
factory yields  could  be  obtained  by  incasing  10  tubes  in  a  single 
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furnace  (combustion  chamber).  The  decision  was  influenced  in  con- 
siderable measure  by  the  desire  of  the  cooperating  company  to  obtain 
products  in  large  quantities  as  soon  as  possible.  Accordingly,  a 
furnace  containing  a  battery  or  nest  of  10  tubes,  4^  inches  in  diameter 
by  10  feet  in  length,  was  constructed. 

The  oil  was  fed  into  the  tubes  by  gravity.  The  amount  of  oil  pass- 
ing into  the  top  of  each  tube  to  be  vaporized  was  regulated  by  a 
needle  valve  placed  between  the  oil-supply  compartment  and  the 
flange  connection  on  the  top  of  the  tube.  A  great  deal  of  experimen- 
tation was  necessary  in  order  to  keep  the  rate  of  flow  constant  during 
the  continuance  of  a  run.  It  was  necessary  frequently  to  change 
the  piping  that  led  from  the  oil-supply  tanks  to  the  head  of  the  tubes 
in  order  to  get  the  proper  rate  of  flow.  The  general  conclusion  was 
reached  that  gravity  feed  of  heavy  oil  is  undesirable. 

The  wide  variations  in  the  results  obtained  from  the  individual 
tubes,  owing  to  improper  control  of  heating,  made  it  necessary  to 
reconstruct  the  furnace  and  alter  the  methods  of  heating.  The  use 
of  a  fan  blower  was  found  to  give  improved  results  in  obtainiog  a 
proper  admixture  of  air  and  natural  gas,  which  was  used  for  heating 
purposes.  In  each  tube  a  stirring  rod,  operated  by  a  motor  drive, 
was  used  for  a  period  of  some  seven  weeks  in  this  furnace.  This  rod 
consisted  of  a  pipe  to  which  short  lengths  of  chains  were  attached,  the 
chains  being  so  staggered  as  to  cover  the  inner  periphery  of  the  tube, 
as  a  result  of  centrifugal  action,  when  the  rod  was  revolved.  The 
use  of  these  stirring  rods  for  the  removal  of  carbon  from  the  inner 
walls  of  the  tubes  was  not  found  satisfactory  in  tubes  of  this  diameter. 
After  an  average  of  approximately  four  hours'  operation  the  tubes 
would  be  choked  with  carbon  and  it  was  then  necessary  to  remove  the 
rods  and  clean  them  of  deposited  carbon,  and  also  dean  the  interior 
of  the  tubes.  Experiments  proved  that  when  stirrers  were  not  used 
the  small  4i-inch  tubes  would  operate  two  to  three  hours  longer 
before  becoming  choked  with  carbon  than  when  the  stirring  rods  were 
used.  The  use  of  the  rods,  therefore,  was  abandoned  so  far  as  this 
furnace  was  concerned,  and  the  runs  increased  in  length  as  a  result. 

The  shaft  of  the  stirring  rod,  whioh  naturally  became  highly 
heated,  afforded  an  excellent  plaoe  for  the  deposition  of  the  free  car- 
bon caused  by  the  decomposition  of  the  gases.  The  carbon  deposit 
would  gradually  build  up  until  it  choked  the  tube  and  no  longer  per- 
mitted the  free  passage  of  the  gases.  More  than  a  month  was  con- 
sumed in  trying  to  adjust  the  heating  conditions  so  as  to  duplicate 
the  successful  results  obtained  with  the  single  4  J-inch  by  10-foot  tube. 
Although  individual  tubes  would  give  a  fair  amount  of  conversion, 
other  tubes  gave  relatively  slight  efficiency.  The  choking  of  the 
tubes  after  a  few  hours  operation  necessitated  a  shutdown  of  the 
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furnace,  the  removal  of  the  rods,  and  cleaning  of  the  tubes,  so  that 
during  a  considerable  part  of  the  day  the  furnace  was  out  of  operation 
from  these  causes  alone.  Also  the  frequent  adjustments  that  were 
necessary  in  order  to  maintain  a  satisfactory  gravity  feed  and  to  obtain 
better  heating  control  limited  the  time  of  operation. 

Despite  the  gloomy  outlook  at  this  stage  of  the  operations,  the 
confidence  of  Mr.  A.  J.  Moxham,  president  of  the  Aetna  company, 
never  waned.  A  man  of  lesser  courage  and  persistency  might  not 
have  continued  the  experiments  in  the  face  of  the  discouragements 
and  difficulties  which  were  encountered  daily.  The  successful  devel- 
opment of  the  process  is  in  large  measure  due  to  Ins  unwavering 
support. 

During  the  course  of  the  experiments  pyrometers  were  used  to 
register  furnace  temperatures,  but  with  unsatisfactory  results.  After 
a  niunber  of  pyrometers  had  been  burned  out,  their  use  was  abandoned 
and  eye  reading  of  temperatures  substituted  in  order  to  obtain  proper 
heating  control.  A  great  deal  of  difficulty  was  experienced  with  the 
proper  heating  of  the  tubes.  During  many  of  the  experiments  the 
lower  part  of  the  tubes  would  show  a  temperature  of  approximately 
750°  C,  whereas  in  the  upper  part  the  temperattu^  would  be  only 
500°  C,  thus  reversing  the  conditions  that  should  exist. 

An  Oklahoma  crude  oil  was  used  in  all  the  experiments  with  the 
above  installation,  but  later  results  with  fumaoes  of  greater  capacity 
have  shown  that 'crude  oil  is  not  as  favorable  for  use  as  is  a  distillate 
with  the  gasoline,  and  heavy  bottoms  or  residuiun,  eliminated. 

In  these  experiments  the  percentage  of  benzene  obtained,  on  the 
basis  of  original  oil,  was  from  two  to  four  times  that  of  the  toluene. 
Later  experiments  with  the  same  oil  have  shown  that  the  relative 
percentage  of  benzene  to  toluene  can  be  in  the  proportion  of  3  to  2. 
The  smaller  amount  of  toluene  obtained  in  this  course  of  experiments 
indicates  that  the  control  conditions  were  not  correct  and  that  the 
tolueao  formed  was  degraded  into  benzene.  This  fact  will  be  readily 
perceived  by  examination  of  the  tabulated  results  of  the  experiments 
in  which  pure  toluene  was  used  as  the  original  material.     (See  p.  114). 

As  experimentation  with  this  furnace  continued  it  became  increas- 
ingly evident  that  the  smaller  tubes  would  not  give  mechanically 
satisfactory  results.  While  efforts  were  beiog  made  to  obtain  a 
relationship  of  operating  conditions  in  this  furnace  that  would  result 
in  reasonable  efficiency,  experiments  were  in  progress  with  sin^e 
tubes  of  larger  dimensions.  As  the  results  with  the  larger  tubes 
showed  a  great  improvement  over  those  obtained  with  the  4^-inch 
tubes^  it  was  definitely  decided  to  abandon  the  use  of  tins  furnace. 

Summarizing  the  experience  with  tins  installation,  it  was  proved 
that  the  4i-inch  tube  is  of  too  small  diameter  to  give  efficient  results. 
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It  was  demonstrated  by  later  experiments  that  to  obtain  maximum 
efficiency  a  tube  at  least  double  or  treble  this  diameter  should  be 
used. 

EXPERIMENTS  WIIH    6-INCH  BY  9-POOT    TUBE. 

After  the  4}-inch  by  lO-foot  tubes  were  discarded  a  tube  6  inches 
in  diameter  and  9  feet  long  was  used.  With  a  tube  of  this  size  a 
wide  range  of  experiments  was  conducted  to  determine  the  proper 
control  conditions  for  the  increased  quantities  of  oil  that  the  tube 
would  handle.  It  was  found  that  the  feed  could  be  increased  to  14 
gallons  an  hour^  an  increase  in  capacity  of  4  gallons  per  hour  over 
the  4J-inch  tube. 

An  average  of  five  runs,  which  were  made  at  a  temperature  of 
600**  C.  and  250  pounds  pressure,  and  a  rate  of  flow  of  15  gallons  per 
hour,  gave  8.3  per  cent  toluene  and  13.5  per  cent  benzene,  on  the 
basis  of  recovered  oil. 

Approximately  40  runs  were  made  at  temperatures  ranging  from 
600®  C.  to  725°  C.  and  at  a  constant  pressure  of  250  pounds,  but 
with  varying  rates  of  oil  feed.  It  was  foimd  that  with  Oklahoma 
crude  oil  the  optimimi  conditions  were  approximately  600**  C,  a 
feed  of  14  gallons,  and  a  pressure  of  250  pounds  per  square  inch. 

A  smaller  number  of  runs  were  made  at  temperatures  between  600** 
and  725**  C.  and  125  pounds  pressure,  but  the  yields  were  consider- 
ably decreased,  this  result  being  due  as  much  to  failure  to  obtain 
the  proper  rate  of  oil  feed  as  to  the  unsuitability  of  the  pressure  for 
converting  oil  to  aromatic  hydrocarbons. 

The  necessity  of  obtaining  concrete  results  with  a  minimimi  loss 
of  time  made  it  necessary  to  suspend  experiments  with  varying  rates 
of  pressure  for  the  time  being. 

This  tube  was  abandoned  in  favor  of  a  tube  of  the  same  diameter, 
but  1  foot  longer,  with  a  view  to  greater  capacity.  It  had  previously 
been  demonstrated  in  experiments  with  the  smaller  tubes  that  an 
increase  in  length  permitted  more  oil  to  be  fed  in  during  a  given 
period  of  time,  owing  to  the  increase  in  heating  surface. 

EXPERIMENTS  WITH  6-INCH  BY  10-FOOT  TUBE. 

With  the  installation  of  the  6-iQch  by  lO-foot  tube  a  force-feed 
pump  was  employed  for  the  first  time,  with  the  object  of  obtaining 
a  more  constant  flow  than  could  be  obtained  by  gravity  feed,  where 
the  pressure  exerted  by  the  column  of  oil  was  reUed  on  to  overcome 
the  pressure  of  the  gases  and  force  the  oil  into  the  tube.  The  varia- 
tion in  rate  of  feed  which  characterized  the  gravity  system  was 
eliminated  to  a  large  extent.  It  was  found  possible  with  the  more 
imiform  rate  of  flow  to  obtain  a  better  adjustment  of  temperature 
and  pressure  conditions  with  relation  to  the  amount  of  oil  supphed. 
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TESTS    WITH   l>KLA,H01U   C 


A  series  <»f  experiments  was  conducted  with  this  tube  at  varying 
temperatures  and  pressures  in  order  to  determine  the  most  efficient 
conditions.  Oklahoma  crude  oil  was  used  in  most  of  these  experi- 
ments, the  results  of  which  are  set  forth  in  Table  45.  Little  uni- 
formity is  shown  in  the  tabulated  results  unless  the  data  be  com- 
pared  for   the   same   rate   of   feed   at  different   temperatures   and 


It  will  he  noted  that  at  a  constant  temperature  and  rate  of  feed, 
but  with  varying  pressures,  the  percentage  of  benzene  and  toluene 
formed  increased  with  increase  of  pressure.  For  example,  at  s  tem- 
perature of  600°  C.  and  a  rate  of  feed  of  12  gallons  per  hour,  4,3  per 


i 


TKMPERATURE,  -C. 
f  lausE  as.— Curves  ahcFvlnj  eflect  ot  Tsrylng  tompeiatures  en  formMlcD  of  beiueDe  and  tohieiM  wban 
origbu]  oil  la  crackad  In  A-lncb  b;  lO-foat  tube,  with  onuluit  nta  ot  teed  of  17  ■■Ucins  prx  hour,  uid 
at*ixostBji[  pmssure  oj  isa  poimils  per  iquars  Each.    (Remit!  loir  due  to  tnsufflcleut  ModeDSUlm. ) 

cent  of  benzene  was  formed  at  a  pressure  of  100  pounds.  At  s  pressuro 
of  150  pounds  4.9  per  cent  was  formed  and  at  a  pressure  of  225  pounds, 
6.7  per  cent.  Similar  variations  were  obtuned  when  the  pressure 
was  increased  at  higher  temperatures.  For  example,  at  a  tempera- 
ture of  750°  C.  and  a  feed  of  14  gallons  per  hour  4.4  per  cent  of  benzene 
and  toluene  was  formed  at  a  pressiu-e  of  175  pounds  and  5.2  per  cent 
at  225  pounds. 

The  higher  temperatures,  as  has  been  stated  in  connectioa  with  the 
discussion  of  the  course  of  reaction  among  the  aromatic  hydrocarbons 
(seep.  123),  are  favorable  for  benzene  formation,  but  prejudicial  to 
toluene  formation.  This  is  confirmed  by  the  data  obtained  in  this 
series  of  experiments.  If  figure  36  is  examined,  it  will  be  seen  that 
the  amount  of  benzene  formed  increases  pn^iressively  with  increase 
of  temperature  to  a  temperature  of  750°  C,  and  shows  a  slight 
decrease  from  this  point  up  to  800°  C.  As  the  temperature  is 
increased  beyond  800°  C.  the  percent^e  of  benzene  formed  sharply 
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drops  until  at  850*^  C.  it  is  practically  negligible.  Toluene  formation, 
on  the  other  hand,  shows  a  consistent  and  steady  decrease  above  a 
temperature  of  650°  C.  This  result  again  is  in  accord  with  the  evi- 
dence obtained  from  the  experiments  in  the  small  electrically  heated 
furnace. 

It  will  be  noted  that  the  total  yields  of  benzene  and  toluene  shown 
in  Table  45  are  considerably  below  the  total  percentage  of  aromatic 
hydrocarbons  formed  in  the  small  laboratory  apparatus.  This  is 
due  to  two  causes;  first,  the  percentage  of  xylene  formed  is  left  out 
of  consideration,  and  second,  and  more  important,  the  condensation 
was  wholly  inadequate  to  permit  a  full  recovery  of  the  aromatic 
hydrocarbons  formed.  The  gases,  after  passing  through  the  con- 
denser, issued  from  the  end  of  the  pipe  in  the  form  of  a  white  cloud, 
whereas  the  gases  could  not  have  been  noted  if  none  but  fixed  gases 
escaped.  A  large  proportion  of  the  volatile  liquids  formed  were  thus 
carried  away  by  the  gases,  the  quantity  of  which  could  not  be  deter- 
mined with  the  facilities  at  hand.  The  percentage  of  loss  was  not  of 
so  much  moment  in  these  experiments  as  was  the  question  whether 
the  conversion  could  be  properly  carried  out  in  the  larger  tubes. 
The  object  of  the  experiments  was  mainly  to  determine  the  effect  of 
using  a  larger  and  longer  pipe  on  the  reaction  products,  rather  than 
to  ascertain  the  maximum  percentage  which  could  be  recovered 
from  the  oil.  It  was  readily  recognized  that  efficient  condensation 
would  make  a  great  improvement  in  the  results.     Table  45  follows: 

Table  45. — Benzene  and  tobt/ene  formed  from  cracking  Oklahoma  crude  oU  in  a  tingle- 
tube  furnace  (tube  6  inches  in  diameter  and  10  feet  long),  at  varying  temperatures,  pres- 
sures, and  rates  ofoilfeedM 
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«00 

100 

12 

26 

7.2 

10.0 

17.2 

1.8 

2.5 

4.3 
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100 

12 

21 

16.7 

12.0 

28.7 

3.5 

2.6 

6.0 
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18 
6 

0.9 
3.3 

1.3 
2.0 

2.2 
6.3 
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"si.*  2*' 

600 

150 

12 

25 

9.6 

10.0 

19.6 

2.4 

2.5 

4.9 

650 

176 

0 

42 

7.6 

7.6 

15.2 

3.2 

3.2 

6.4 

700 

176 

18 

22 

12.3 

10.5 

22.8 

2.7 

2.3 

5.0 
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175 

14 

21 

10.6 

10.6 

21.0 

2.2 

2.2 

4.4 
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aoo 

15 

22 

21.0 

11.0 

32.0 

4.6 

2.4 

7.0 
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27 

54 

3.0 

6.2 

8.2 

1.6 
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4.4 
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aoo 

12 

20 

12.6 

9.5 

22.0 

2.5 

1.9 

4.4 

600 
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12 

18 

23.3 

13.9 

37.2 

4.2 

2.5 

6.7 
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225 

18 

22 

20.4 

13.7 

84.1 

4.6 

3.0 

7.6 
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18 

22 

13.2 

12.3 

25.6 

2.9 

2.7 

5.6 
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14 

20 
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9.6 

26.0 

3.3 

1.9 

5.2 
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250 

19 

17 

21.8 

12.4 

34.2 

8.7 

2.1 

5.8 
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18 
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10.6 
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20.3 

3.7 
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19 
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4.0 

6.4 
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16 
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21.8 
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2.4 

4.8 

8 
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250 

7 

24 

14.2 

11.2 

26.4 

3.4 

2.7 

6.1 

1 

750 

250 

7 

17 

20.0 

12.9 

32.9 

3.4 

2.2 

5.6 

o  Average  results  low,  due  to  insufficient  condensation. 

^  Temperatures  measured  by  pyrometer  attached  to  wall  of  tube. 


142  GASOLINE  AND  BENZENE-TOLUENE. 

be  SO  adapted  as  to  give  larger  quantities.  Experimental  evidence 
showing  the  course  of  the  aromatic-hydrocarbon  reactions,  which 
has  been  presented  in  another  part  of  this  report,  brings  out  this 
fact  clearly. 

This  factor  of  control  constitutes  one  of  the  greatest  reconmienda- 
tions  in  favor  of  these  processes.  Absolute  command  over  the 
operating  conditions  is  made  possible  by  causing  the  reaction  to 
occur  in  the  gaseous  phase.  The  relation  of  the  apparatus  to  the 
general  character  of  the  reactions  is  such  that  it  is  possible  to  pre- 
determine the  yields  of  the  various  hydrocarbons  to  be  produced, 
and  to  vary  conditions  so  as  to  increase  or  decrease  the  quantity 
of  any  one  of  these  hydrocarbons. 

CONCLUSIONS  AS  TO  6-INCH  BY  10-POOT  TUBE. 

The  general  results  obtained  with  the  6-inch  by  10-foot  tube 
were  satisfactory  and  in  harmony  with  those  obtained  with  other 
tubes.  It  was  proved  that  the  reaction  could  be  carried  on  as 
successfully  in  a  tube  of  this  size  as  in  the  much  smaller  tubes  which 
were  first  used.  It  was  evident  that  the  maximmn  size  of  furnace 
body  had  not  yet  been  found,  which  suggested  the  advisability  of 
experimenting  with  a  tube  of  lai^er  capacity. 

EXPERIMENTS   WTTH  8-INCH   BY   10-FOOT  TUBE. 

The  next  series  of  experiments  were  conducted  with  a  tube  8  inches 
in  diameter  and  10  feet  long.  It  was  foimd  possible  to  increase  the 
rate  of  feed  5  gallons  per  hour  over  that  for  the  6-inch  tube. 

In  connection  with  the  various  increases  in  size  of  tube,  it  will  be 
realized  that  each  enlargement  required  the  preparation  of  new 
drawings,  the  casting  of  new  fittings,  and  changes  in  the  furnace 
construction.  A  new  furnace  body  had  to  be  constructed  for  the 
6-inGh  tube  and  still  another  furnace  body  for  the  8-inch  tube. 

No  difficulty  was  experienced  in  any  of  these  single-tube  experi- 
ments with  the  removal  of  carbon  from  the  interior  of  the  tubes. 
The  mechanical  stirring  device,  which  was  continuously  operated 
throughout  the  run,  proved  entirely  satisfactory  so  that  the  only 
question  to  be  considered  was  the  practical  one  of  the  relative 
amount  of  carbon  deposition  and  its  bearing  on  operating  costs. 

DIFFICULTY    OF   ATTAINING    HIGH    DEGREE    OF   ACCURACY    IN   SINGLE- 
TUBE   EXPERIMENTS. 

All  of  the  single-tube  experiments  were  conducted  in  the  rear  of 
Mackintosh,  Hemphill  &  Co.'s  plant  in  Pittsburgh  in  order  that  their 
engineers,  who  were  charged  with  the  duty  of  developing  the  appa- 
ratus for  the  development  company,  might  have  the  opportunity  of 
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studying  the  results  and  profiting  thereby  in  the  preparation  of  plans 
for  the  larger  installation.  A  limited  space  was  available.  The 
recoveries  were  determined  by  bucket  measurement  as  the  conden- 
sers were  tapped,  and  the  yields  calculated  on  the  ground  by  means 
of  specific  gravity  determinations  and  primary  distillations.  Under 
these  conditions  it  was  to  be  expected  that  the  yields  would  invari- 
ably be  low.  Such  yields,  therefore,  are  no  index  of  the  maximiun 
results  which  can  be  obtained  under  better  operating  conditions. 
This  is  no  reflection  on  those  connected  with  the  development  work, 
as  general  indications  were  sought  bearing  on  the  maximum  size  of 
apparatus  that  could  be  installed,  rather  than  high  accuracy  in 
determining  the  results  of  single  runs  or  experiments.  Even  \mder 
such  conditions  of  operation  the  use  of  single  tubes  furnished  \m- 
questionably  definite  information.  The  general  crudity  of  the  ar- 
rangement can  be  best  appreciated,  perhaps,  by  an  examination  of 
Plate  II,  Ay  which  shows  the  initial  construction  of  the  6-inch  by 
9-foot  tube  furnace. 

EFFECT  OF  LABGEB  TUBE  ON  OPTIMUM  FURNACE  TEMPBEATUBES. 

A  characteristic  result  of  increasing  the  diameter  and  length  of 
the  tube  seems  to  be  that  higher  temperatures  are  desirable  in  order 
to  obtain  maximum  conversion.  For  example,  with  the  4J-inch 
tube  a  temperature  of  600°  C.  was  found  to  give  the  most  efficient 
results;  in  the  6-inch  tube  &  temperature  of  675°  C.  was  found  to  be 
the  optimxmi,  whereas  with  the  8-inch  tube  a  temperature  of  750°  C. 
proved  to  be  the  most  satisfactory.  This  progressive  increase  in 
optimum  temperature  with  enlarged  periphery  does  not  by  any 
means  indicate  that  tubes  of  greatly  increased  diameter  can  not  be 
employed  satisfactorily  because  of  difficulty  in  attaining  the  tempera- 
ture limits  which  the  increase  in  diameter  would  make  desirable. 
By  operating  at  a  lower  temperature  than  that  which  is  theoretically 
desirable,  but  with  a  slower  rate  of  feed,  the  same  results  can  be 
obtained  as  at  the  higher  temperatures.  At  the  same  time  the 
advantages  in  consumption  capacity  incident  to  a  large  cracking 
chamber  can  be  gained. 

COMMENT    ON    EXPERIMENTAL    DATA     FOR    8-INCH     BY    10-FOOT   TUBE. 

TESTS  WITH  OKLAHOMA  CRUDE   OIL. 

Data  for  the  Oklahoma  crude  oil  used  are  given  in  Table  48.  It  will 
be  observed  that  a  uniform  series  of  runs  at  fixed  temperatures,  pres- 
sures, and  rates  of  feed  was  not  attempted,  but  that  each  one  of  these 
variables  was  changed  in  relation  with  the  others  so  that  a  number 
of  combinations  could  be  studied.    The  purpose  in  view  was  to 
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determioe  optimiun  operating  conditions  for  the  large  tnbe  \ised. 
The  indications  from  the  data  are  that  with  this  tube  a  temperature 
of  675"  to  700°  C.  and  a  feed  of  12  to  13  gallons  per  hour  give  the 
best  results  at  the  operating  pressure  of  250  pounds  per  square  inch. 
The  characteristic  effect  of  high  temperatures  on  the  relative 
amounts  of  benzene  and  toluene  formed,  which  was  indicated  in 
pages  123  and  125,  is  observable  in  the  results  of  these  teste.    The 
percentage  of  benzene  tends  to  increase  progressively  as  the  tem- 
perature is  raised,  whereas  the  rela- 
tive percentage  of  toluene  drops,  a 
fact  which  clearly  indicates  the  con- 
version of  toluene  into  benzene. 
It  will  be  further  noted  that  at  a 
1  given  temperature  and  pressure,  say, 

^  for  example,  700°  C.  and  250  pounds 

M  per  square  inch,  the  yields  of  ben- 

g  zene  and  toluene  decrease  as  the  rate 

a,  of  feed  is  increased.     This  decrease 

1  is  the  result  of  too  short  an  exposure 

to  heat.  Experiments,  which  are 
not  recorded,  were  conducted  in 
which  the  oil  was  fed  at  rates  vary- 
ing from  36  to  50  gallons  per  hour 
at  temperatures  ranging  from  575° 
'0  "  „  .,'"    t«  650°  C.  which  gave  Uttle  or  no 

KATE  OF  FEED,  QALLONB  PER  HOUR.  ,         .  ... 

conversion  mto  aromatic  hvdrocar- 

FiouBB  J7.— CurvM  sbowlilg  Oflect  of  varrtog  ■     !■       i-         ^l    i        u?    ■       »  i- 

latca  ol  I«mI  im  racmatloD  at  baniuw  aad  DOtlS,  moicating  tQat  SUmCient  time 

tdmnB,«wdi  »  Qo  rwd  01  rwowed  ^,  ^^  Q^t  aUowed  for  the  molecular 
•hen  orlgliiBl  oil  is  atctti  ia  on  S-incb  by  ■      ■  j      j.   .        l      » 

KHoDt  tube,aiaixcistuiiuniii«ntiireot?fla*    rearrangement  mciaent  to  the  lor- 
c.uidaooMtaiiipreMiiieof  2»poondsp*r   jnatiou  of  such  hydrocarbous. 

The  effect  of  increasing  the  rate 
of  feed  on  the  yields  of  benzene  and  toluene  is  clearly  indicated  by 
figure  37,  in  which  a  constant  and  uniform  drop  in  yield  is  shown  as 
the  rate  of  feed  is  increased.  The  yield  of  recovered  oil,  it  will  be 
noted,  constantly  becomes  greater  as  the  rate  of  feed  increases,  but 
is  not  aa  great,  however,  as  is  the  decrease  in  the  percentage  of 
aromatio  hydrocarbons  formed.  This  increase  in  the  amount  of  re- 
covered oil  is  to  be  expected,  as  the  smaller  the  amount  of  aromatic 
hydrocarbons  formed  the  less  is  the  decomposition  that  takes  place. 
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Table  48.— ^B«tw«M  anrf  tolutnt  Jomtd  from  racking  Oilahoma  crude  oii  in  a  tingU- 
tube  fumoM  ((u6e  8  inches  in  diameter  and  10  feet  long)  al  a  constant  pretvure  of  tSO 
poimdt  per  t^U^e  inch  milh  varying  temperalvtesandTatciofoilfetd." 
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The  results  of  a  series  of  runs  witli  Oklahoma  crude  oil,  at  a  constant 
rate  of  feed  of  22  gallons  per  hour  and  at  a  constant  pressure  of 
250  pounds  per  square  inch  but  varying  temperatures,  are  presented 
in  Table  49.  There  is  a  constantly  increasing  yield  of  both  benzene 
and  toluene  up  to  a  temperature  of  approximately  650°  C,  the  ratio 


TEUPERATURE,  'C. 


oiene  aod  toluene  wben 
Dstant  rate  ol  food  at  22  gallons  p« 
reiBge  results  loiv,  fTom  insulBcicnt 


of  increase  being  nearly  imifonn.  At  higher  temperatures  the  per- 
centage of  toluene  steadily  diminishes,  whereas  the  percentage  of 
benzene  sharply  increases  with  temperature  rise  up  to  about  750°  C. 
Here  again,  howevei',  the  percentage  of  increase  in  benzene  is  greater 
at  the  higher  temperatures  than  the  diminution  in  toluene.  Only 
17945°— 16 10 
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small  percentages  of  benzene  and  toluene  were  recovered  at  800^  C, 
indicating  that  at  this  and  higher  temperatures  there  is  too  much 
formation  of  polycyclic  aromatic  compounds  and  too  much  decom- 
position into  the  ultimate  end  products — ^hydrogen  and  carbon.  This 
assumption  is  borne  out  by  the  rapid  decrease  in  yield  of  recovered  oiL 
These  facts  are  shown  by  figure  38. 

In  connection  with  this  table  it  will  be  observed  that  as  the  gravity 
of  the  recovered  oil  increases  the  combined  yields  of  benzene  and 
toluene  approach  the  maximum  and  then  decrease.  This  result 
bears  out  the  statement  previously  made  that  the  most  desirable 
gravity  of  the  recovered  oil  is  one  between  0.90  and  0.96.  C!onditions 
yielding  oil  of  a  gravity  of  1.02  and  greater  are  distinctly  unfavorable 
for  the  formation  of  the  lower  boiling  aromatic  hydrocarbons,  although 
they  will  give  increasing  yields  of  the  heavier  compoimds  of  the 
aromatic  series.  It  will  be  noted  also  that  in  the  8-inch  tube  with 
the  rate  of  feed  indicated  conversion  seems  to  take  place  at  higher  tem- 
peratures, a  temperature  of  750^  C.  giving  the  most  favorable  results. 
Throughout  the  work  one  is  constantly  confronted  with  the  relation 
of  the  temperature  and  rate  of  flow.    Table  49  follows: 

Tablb  49. — Benzene  and  toluene  formed  from  cracking  Oklahoma  crude  oilin  a  single- 
tube  furnace  {tube  8  indiee  in  <nameter  and  10  feet  long)  at  a  conetant  preeewre  of  $50 
pounde  per  eqwxre  tndi  and  a  constant  rate  of  oU  feed  of  22  gallone  per  hour,  with 
varying  temperatures. <i 


[For  distillation  analysis  of  Oklahoma  crude  oil  used 

[see  Table  45.] 

Total 

Num- 
ber of 
runs. 

Temper- 
ature. 

Oilre- 
oovered. 

Specific 
aavity  • 
of  recov- 
ered oil. 

Beniene 
inreoov- 
eredoil. 

Toluene 
in  recov- 
ered oiL 

Total 
beniene 

and 
toluene 
in  recov- 
ered oil. 

Beniene 
formed 
on  basis 
of  oris- 
inalofi. 

Toluene 
formed 
on  basis 
of  orig- 
inal ofl. 

beniene 

and 
toluene 
fonned 
on  basis 
oforlfl^ 
inalou. 

•C 

Per  cent. 

Percent. 

Percent, 

Percent. 

PereenL 

PereenL 

Percent, 

2 

550 

SO 

0.88 

4.6 

3.6 

8.2 

2.3 

1.8 

4.1 

3 

000 

35 

.02 

8.6 

5.7 

14.3 

3.0 

2.0 

5.0 

2 

650 

31 

.03 

10.3 

0.0 

19.8 

3.2 

2.8 

6.0 

2 

700 

26 

.08 

16.1 

10.0 

26.1 

4.2 

2.6 

6.8 

2 

760 

21 

1.00 

25.7 

9.5 

35.2 

5.4 

2.0 

7.4 

1 

800 

17 

1.03 

6.5 

5.3 

11.8 

1.1 

.9 

2.0 

•  Average  results  low  due  to  insufficient  condensation. 
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TESTS  WITH  DI8TILLATBS. 


The  restilts  obtained  from  a  series  of  experiments  with  a  distillate 
oil  are  set  forth  in  Table  50. 

Table  50. — Benzene  and  toluene  formed  from  cracking  a  distiUaU  oU  in  a  Hngle-tube 
furnace  {tube  8  inches  in  diameter  and  10  feet  long)  at  varying  prestures,  temperatvreft 
and  rates  of  oilfeed.^ 


Total 

ToUl 

Num- 
ber 
of 

nma. 

Pree- 

Rate 

Spe- 
Giiae 

Ben- 

Toln- 

ben- 
lene 

Ben- 
lene 

Tolu- 
ene 

ben- 
sene 

Tem- 

sure 

of  oil 

Oil 

gravity 

lene 
in 

eue 
in 

and 

formed 

formed 

and 

pem- 
lure. 

per 

feed 

recov- 

of 

toluene 

on  basis 

on  basis!  toluene  1 

square 

per 

ered. 

recov- 

reoov- 

ered 

oil. 

recov- 
ered 
oiL 

in 

of  origi- 

of origi- 

formed 

inch. 

hour. 

ered. 

recov- 

nal 

nal 

on  basis 

• 

oil. 

ered, 
oil. 

OiL 

OIL 

of  origi- 
nal oil. 

•c. 

Pounds. 

Galiont. 

Peret, 

Peret. 

PereL 

Peret. 

Peret. 

Peret. 

Peret. 

1 

600 

150 

14 

36.3 

.890 

7.0 

10.8 

17.7 

2.6 

8.9 

6.4 

1 

625 

175 

14 

30.0 

.936 

14.3 

18.9 

28.2 

4.8 

4.2 

8.6 

1 

700 

200 

14 

20.0 

1.000 

23.6 

13.0 

86.6 

4.7 

2.6 

7.8 

2 

660 

200 

15 

24.0 

.081 

20.4 

16.4 

36.8 

4.9 

3.9 

8.8 

1 

625 

200 

14 

30.0 

.038 

14.7 

15.8 

30.0 

4.4 

4.6 

9.0 

1 

600 

200 

14 

30.0 

.873 

8.0 

11.4 

19.4 

2.4 

8.4 

6.8 

1 

560 

200 

14 

65.0 

.837 

.0 

4.2 

4.2 

.0 

2.2 

2.2 

2 

700 

250 

16 

22.5 

.008 

22.4 

12.9 

35.8 

5.0 

8.9 

8.9 

2 

650 

250 

15 

23.5 

.972 

20.2 

15.7 

85.9 

4.8 

8.7 

8.5 

1 

600 

250 

15 

31.2 

.900 

9.1 

12.8 

21.9 

2.8 

4.0 

6.8 

•  Average  results  low,  due  to  liisaf&cient  condensation. 

DISTILLATION  ANALYSIS  OF  OIL  USED. 

[First  drop  at  170*  C;  spedfio  gravity,  0.817.] 


Tempera- 
ture of 
out. 

Distillation  products. 

Volume. 

Specific 
gravity. 

RemariDB. 

•c. 

200 
250 
300 
350 
Residue 

Percent. 

2.0 

7.3 

57.0 

28.0 

5.3 

Stuck  at  280  to  206*  C. 

0.792 
.818 
.827 

Possibly  the  most  striking  feature  of  the  results  in  Table  50  is  the 
indicated  ability  to  change  the  yields  of  either  benzene  or  toluene  by 
varying  the  temperature  and  pressure.  The  lower  pressures  for  a 
given  rate  of  feed  and  constant  temperature  are  again  shown  to  be 
more  favorable  for  toluene  production  than  the  higher  pressures.  It 
appears  that  a  moderate  temperature  and  a  moderate  pressure 
are  best  suited  for  the  maximum  yields  of  toluene,  whereas  the  higher 
pressures  are  most  suitable  for  maximum  yields  of  benzene. 

The  oil  used  in  the  experiments  was  the  same  as  that  employed  in 
the  large  ten-tube  furnaces  with  tubes  8  inches  in  diameter  by  11 J 
feet  in  length  (see  Table  63).  It  is  characteristic  of  this  as  well  as  all 
the  other  distillates  used  that  the  percentage  formation  of  toluene  is 
greater  than  that  of  benzene.  On  the  basis  of  yields  it  is  evident  that 
this  oil  is  more  favorable  for  cracking  to  form  benzene  and  toluene 
than  is  the  Oklahoma  crude  oil. 


148 


GASOUNE  AND  BENZENB-TOLUENE. 


The  results  of  experiments  with  a  distillate  of  a  different  type  are 
presented  in  Table  51.  Eighty-five  per  cent  of  this  oil  distilled  over 
at  temperatures  between  300^  and  350^  C,  as  oompared  with  28  per 
cent  of  the  other  and  lighter  distillate.  Increased  yields  of  toluene 
are  to  be  noted,  as  in  Table  50.  The  average  results  were  slightly 
better  than  with  the  first  distillate,  as  the  mean  of  the  total  benzene 
and  toluene  formation  is  7.7  per  cent  as  against  7  per  cent.  This 
is  due  to  the  fact  that  the  runs  were  made  at  higher  pressures.  If 
the  results  for  a  temperature  of  700^  C.  and  a  pressure  of  250  pounds 
per  square  inch  are  compared  with  those  in  Table  50  it  will  be  noted 
that  the  yields  for  the  first  distillate  are  distinctly  more  -favorable, 
as  2  per  cent  more  benzene  and  toluene  was  obtained.  Oonsideration 
of  the  distillation  cuts  of  the  original  oils  will  show  the  widely  different 
nature  of  these  oik. 

Table  51. — Benzene  and  toluene  farmed  from  cracking  a  distillaU  oUin  a  8ingle-4xihe 
fiamace  {tube  8  inches  in  diameter  and  10  feet  long),  at  varying  presstiree,  temperatiMres, 
and  rates  of  oUfeed.^ 


Pres- 
sure per 

Tem- 
abire. 

Rate  of 
oil  feed 

Oil  re- 
cover- 
ed. 

Bpecd^ 

Ben- 
senein 

Tolu- 
enein 

Total 
beoxene 

and 
toluene 

inre- 

oovend 

oO. 

Ben- 

tene 

formed 

Tohi- 

ene 

formed 

Total 
benscDie 

and 
toluene 

gravity 
of  oil 

square 

per 

recov- 

recov- 

on basis'on  basis 

formed 

Inch. 

hour. 

ered. 

ered  ofl. 

ered  oil. 

of  orig- 
inal oO. 

of  orig- 
inal 3l. 

on  basis 

oforic- 

inaloo. 

Pound». 

•c. 

OoSonf. 

Peret, 

Peret. 

Perct, 

Peret. 

Peret. 

Peret. 

Peret. 

250 

660 

18 

38.0 

a06 

13.8 

14.3 

28.1 

4.6 

4.7 

9.2 

2S0 

700 

17 

31.2 

.05 

14.0 

14.5 

28.5 

4.4 

4.5 

8.9 

260 

700 

15 

sao 

.91 

ia8 

12.4 

28.2 

3.2 

3.7 

6.9 

260 

700 

12 

25.0 

.07 

13.0 

13.4 

26.4 

3.3 

8.4 

7.7 

250 

725 

22 

31.2 

.05 

10.4 

12.0 

22.4 

3.3 

3.7 

7.0 

275 

675 

16 

37.5 

.01 

8.0 

10.0 

18.0 

3.0 

3.8 

6.8 

300 

675 

18 

40.0 

.80 

8.5 

0.0        18.4 

1 

3.4 

4.0 

7.4 

•  Yields  low,  due  to  insufficient  condensation. 

DISTn.LATION  ANALYSIS  OF  OIL  USED. 
[Specific  gravity,  0.850.] 


Tempera- 
ture of  cut. 

Distillation  products. 

Volume. 

Spedflo 
gravity. 

•c. 

360 
350 
360 

PereerU. 

10.0 

85.2 

2.7 

0.852 
.850 
.867 

TESTS   WITH  A  FUEL  OIL. 


In  addition  to  the  two  distillate  oils  a  fuel  oil  was  used  in  a  series 
of  runs  made  at  varying  temperatures  and  pressures.  The  necessity 
of  proceeding  with  the  experiments  in  a  tube  of  larger  size,  in  order 
to  obtain  greater  capacity,  prevented  enough  runs  being  made  to 
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ascertain  the  proper  control  conditions  for  this  oil.  The  results  for 
this  oil,  shown  in  Table  52,  are  low  as  compared  with  the  two  dis- 
tillate oils.  This  does  not  necessarily  indicate,  however,  that  the 
oil  is  less  siutable  for  cracking.    The  table  follows: 

Table  62. — Benzene  and  toluene  formed  from  cracking  a  fuel  oil  in  a  ringle-ttibe  furnace 
(tube  8  inekea  in  diameter  ana  10  feet  long)  at  varying  preeewree,  temperatures^  and 
rates  of  oil  feed,<^ 


[For  dlstiUation  analysis  of  oil  used  see  Table  45.] 

Tern- 
pera- 
ture.fr 

Pres- 
sure 
per 
square 
inch. 

Rate 
of  oil 
feed 
per 
hour. 

Oil 
recov- 
ered. 

Ben. 
Bene 
in  re- 
cov- 
ered 
OiL 

Tolu- 
ene 
in  re- 
cov- 
ered 
OiL 

Total 
ben- 
lene 
and 
tolu- 
ene in 
recov- 
ered 
ofl. 

Beiw 
lene 
on 
basis 
of  orig- 
inal 
OiL 

Tolu- 
ene 
on 
basis 
of  orig- 
inal 
OIL 

Total 
ben- 
sene 
and 
tolu- 
ene on 
basis 
of  orig- 
inal 
OiL 

•c. 

675 
660 
660 
660 
700 

Pound$. 
160 
160 
200 
260 
260 

OaOont. 
18 

? 

12 
11 

Peret, 
86 
26 
83 
28 
28 

Peret. 
7.2 

13.6 
6.1 
7.2 

1L4 

Perct. 

9.5 

16  2 

8.6 

0.7 

12.9 

Per  a. 
16.7 
28.8 
14.6 
16.9 
24.3 

Perct. 
2.6 
8.4 
2.0 
2.0 
8.2 

Perct, 
3.4 
3.8 
2.8 
2.7 
3.6 

Perct. 
6.0 
7.2 
4.8 
4.7 
6.8 

a  Figures  reported  areaverages  ofa  number  of  nmsat  the  temperatures,  pressures,  and  rates  of  feed  shown; 
average  results  low  due  to  insufficient  condensation. 
h  Temperature  measured  by  pyrometer  attached  to  wall  of  tube. 

EXPERIMENTS   WrTH  8-INCH  BY  14-FOOT  TUBE. 

With  a  view  to  obtaining  increased  capacity,  the  8-inch  tube  used 
in  the  previous  experiments  was  replaced  by  one  14  feet  long.  The 
increased  heating  surface  afforded  by  the  gain  in  length  made  it 
necessary  to  determine  experimentally  the  most  favorable  conditions 
for  carrying  out  the  reaction  in  this  tube.  Accordingly  a  large  num- 
ber of  experiments  were  performed  covering  the  entire  range  of  pos- 
sible temperatures  and  pressures,  and  with  rates  of  oil  feed  varying 
from  10  to  50  gallons  per  hour. 

It  was  found  that  the  rate  of  feed  could  be  increased  from  22  to  30 
gallons  per  hour  with  a  satisfactory  amount  of  conversion.  The 
chemical  reaction  could  be  obtained  with  the  same  facility  as  in  the 
other  tubes,  but  the  added  length  of  heating  zone  caused  an  increase 
in  mechanical  difficulties. 

It  was  soon  made  manifest  that  the  heating  control  had  been  ren- 
dered more  difficult.  The  center  of  the  tube  was  ofteu  at  white  heat 
while  both  ends  were  relatively  cool,  a  condition  due  in  part  to  the 
construction  of  the  ftimace,  which  had  been  designed  for  the  shorter 
tubes.  The  use  of  a  tube  14  feet  long  caused  the  gas  burners  to  be 
somewhat  out  of  place  for  obtaining  the  best  results.  The  nonimi- 
formity  in  ftimace  heating  was  evidenced  by  the  greater  quantity  of 
carbon  formed.  For  the  first  time,  also,  the  tubes  displayed  a  strong 
tendency  to  soften  in  the  furnace.    This  was  due,  of  course,  to  local 
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excess  temperatures.  Adding  4  feet  to  the  length  of  the  stirrmg  rod 
also  introduced  new  difficulties.  The  greater  length  and  more  intense 
heats,  arising  from  inability  to  control  the  furnace  temperatures, 
caused  the  rod  to  soften  and  at  times  buckle,  a  difficulty  which  had 
not  been  previously  experienced. 

Despite  the  fact  that  the  reaction  took  place  readily,  the  great-er 
mechanical  difficulties  seemed  to  indicate  that  the  optimiun  length 
of  tube  had  been  exceeded. 

TB8TB  WITH  DISTaLATB  OIL. 

The  figures  given  in  Table  53  include  the  results  of  experiments 
at  widely  varying  temperatures  and  rates  of  feed  with  the  same 
distillate  oil  used  in  the  runs  reported  in  Tables  50  and  52. 

Table  53. — Benzene  and  toluene  formed  from  cracking  a  dittUlate  oU  in  a  wngle-tuhe 
furnace  {tube  8  inches  in  diameter  and  14  feet  Umg)  at  a  conetarU  presmre  oftSO  pounds 
per  square  tne&,  vsiKh  varying  temperatures  and  rates  of  oUfeed.^ 


[For  disUlletion  tnaXysis  of  oil  ased,  see 

Table  50.] 

Total 

Temper- 
ature. 

Rate  of 

oUfeed 

per 

hour. 

Oil 
recov- 
ered. 

Bemene 
in  recov- 
ered oil. 

Toloene 
inrecov« 
eredoU. 

Total 

and 
toluene 
in  recov- 
ered oU. 

Bemene 
formed 
on  basis 
oforisi. 
naloQ. 

Toluene 
formed 
on  basis 
oforici- 
naldl. 

bennne 

and 
toluene 
formed 
on  basis 
oforifli. 
naldl. 

•c. 

OoUons, 

Percent. 

Pereeni. 

Percent, 

Percent, 

Percent. 

Percent. 

Percent. 

650 

» 

44 

4.3 

6.5 

A.8 

1.9 

2.4 

4.3 

750 

38 

ao 

14.5 

16.0 

aas 

2.9 

8.6 

6.5 

ffiO 

18 

ao 

13.0 

14.5 

27.5 

9L6 

2.9 

6.6 

ffiO 

35 

16 

15.7 

16.7 

83.4 

2.6 

2.5 

&0 

800 

25 

25 

8.0 

10.0 

18.0 

2.0 

2.5 

4.6 

800 

85 

b[lS\ 

ia5 

11.7 

22.2 

1.0 

ail 

4.0 

a  Results  low,  due  to  insulBcient  condensation. 


b  Obviously  an  experimental  error. 


In  considering  the  data  embodied  in  Table  53,  it  should  be  remem- 
bered that  the  temperatures  indicated  are  only  approximate.  Various 
mechanical  circumstances  had  made  it  necessary  to  discard  the 
pyrometers,  which  in  the  earher  furnaces  were  welded  to  the  surface 
of  the  tube.  In  the  14-foot  tube  pyrometers  were  placed  in  the 
annular  inclosures  of  fire  brick  aroimd  each  tube,  and  were  checked 
by  optical  indications.  It  appears  probable  that  in  a  number  of 
instances  the  temperatures  are  recorded  higher  than  they  actually 
were,  according  to  the  indications  given  by  properties  of  recovered 
oils. 

The  low  yields  of  benzene  and  toluene,  as  compared  with  those 
from  the  10-foot  tube,  are  to  be  explained  upon  the  ground  that  the 
desired  products  were  actually  made,  but  after  being  made  were 
decomposed  into  naphthalene  and  anthracene  and  the  end  products, 
hydrogen  and  carbon.  On  account  of  wide  variations  in  rates  of 
feed,  results  of  uniform  character  were  not  obtained,  and  therefore 
satisfactory  comparisons  can  not  be  made. 
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It  is  evident,  however,  from  a  study  of  the  table,  that  a  temperature 
of  between  650®  C.  and  800®  C.  and  a  rate  of  feed  in  the  neighborhood 
of  26  gallons  per  hour  will  give  the  best  results,  both  with  regard  to 
percentage  of  recovered  oil  and  value  of  the  by-products  of  the 
reaction. 

TESTS  WITH  OKLAHOMA  CRUDE  Oni. 

A  series  of  runs  consisting  of  thirty-odd  experiments  with  Oklahoma 
crude  oil  was  made  at  a  uniform  pressure  of  250  pounds  and  a  con- 
stant rate  of  feed  of  30  gallons  per  hour.  Data  for  this  series  of  experi- 
ments are  set  forth  in  Table  54. 

Table  54. — Benzene  and  toliLene /armed  from  cracking  Oklahoma  crude  oil  in  a  tingle- 
tvhe  furnace  (tithe  8  inches  in  diameter  and  14  feet  Umg)^  at  a  constant  pressure  oftSO 
pounds  per  square  inch,  with  varying  temperatures  and  rates  of  oil  feed  a 


[For  distillation  analysis  of  oil  used  see  Table  45.] 


Total 

Nnm- 

ber 

of 

runs. 

Temper- 
atiire> 

■ 

Rate  of 

oil  feed 

per  hoar. 

Oil  re- 
covered. 

Benxene 
in  recov- 
ered oil. 

Toluene 
in  recov- 
ered oil. 

Total 
benxene 

and 
toluene 
in  recov- 
ered oil. 

Benxene 
formed 
on  basis 
of  origi- 
nal on. 

Toluene 
formed 
on  basis 
of  origi- 
nal A. 

benxene 

and 
toluene 
formed 
on  basis 
oforl^ 
naloO. 

•c. 

GaOont. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

025 

32 

25 

20.23 

12.57 

32.80 

5.10 

3.10 

8L20 

050 

24 

14 

3L17 

15.51 

46.68 

4.30 

2.20 

6.50 

060 

27 

22 

20.40 

12.70 

39.10 

5.70 

2.80 

aso 

060 

28 

25 

24.10 

12.00 

36.10 

0.00 

3.00 

9.00 

050 

29 

29 

12.42 

13.20 

25.68 

3.60 

3.90 

7.50 

060 

31 

23.2 

18.45 

13.17 

3L62 

4.30 

3.00 

7.80 

060 

32 

29 

ia64 

9.97 

20.61 

3.00 

2.90 

5.90 

675 

29 

10 

27.47 

12.88 

4a  35 

4.50 

2.10 

6.60 

775 

38 

40 

4.84 

6.37 

1L21 

Lgo 

2.50 

4.40 

800 

30 

16.5 

18.30 

21.95 

4a  25 

3.00 

3.60 

6.60 

800 

33 

27 

&80 

9.04 

17.89 

2.37 

2146 

4.83 

800 

35 

25.5 

13.44 

laio 

23.64 

3.43 

2.57 

6.00 

825 

23 

17 

20.00 

laio 

36.10 

4.43 

1.72 

6.15 

825 

35 

83 

7.60 

8.60 

16.20 

2.51 

2.82 

5.38 

825 

38 

28.5 

11.60 

8.00 

10.60 

3.30 

2.28 

5.58 

850 

21 

18 

20.20 

8.04 

28.24 

1.62 

6.43 

8.06 

850 

33 

23 

ia70 

ia30 

21.00 

2.46 

2.37 

4.88 

850 

36 

20 

16.20 

ia80 

20.50 

3.24 

2.06 

5.30 

875 

33 

25 

lago 

ia40 

21.30 

2.73 

2.61 

5.34 

a  Results  low,  due  to  insufficient  condensation. 

b  Temperature  readings  approximate  only,  Judged  by  color  of  tube  and  by  pyrometer  in  checksrwork 
of  furnace. 

As  was  the  oase  with  the  distillate  oil  the  average  residts  are  less 
favorable  than  in  the  10-foot  tube  of  the  same  diameter.  The 
longer  exposure  to  heat  permitted  b j  the  4-foot  increase  in  length 
evidently  decomposed  the  low-boiling  aromatics  into  hydrocarbons 
of  greater  molecular  weight,  as  well  as  end-product  gases  and  carbon. 
The  results  show  an  improvement,  however,  over  those  obtained  with 
the  same  oil  in  the  6-inch  by  10-foot  tube.  In  that  furnace  the  mean 
production  of  benzene  and  toluene  was  5.7  per  cent  as  against  6.4 
in  the  new  furnace.  In  considering  the  tabulated  figures,  it  should 
be  remembered  that  the  temperatures  indicated  ar6  unquestionably 
high.    This  was  the  first  single-tube  furnace  operated  without  a 
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pyrometer  welded  to  the  tube,  and  the  eye  of  the  recorder  evidently 
had  not  become  sufficiently  well  trained  to  approximate  temperatures 
acciu'ately. 

EXPERIMENTS  WrTH   TUBE   8  INCHES   IN  DIAMETEB  AND   7  FEET  LONG. 

The  fact  that  in  the  experiments  just  described  the  optimum  length 
of  tube  had  been  exceeded  led  to  experiments  with  an  8-inch  tube  7 
feet  long.  A  number  of  tests  were  made  with  this  tube  at  a  constant 
pressure  of  250  pounds,  temperatures  varying  between  500®  and  750® 
C,  and  rates  of  feed  between  12  and  25  gallons  per  hour. 

A  feature  of  interest  is  the  fact  that  the  percentage  recovery  of  oil  is 
higher  for  the  same  temperatures,  pressures,  and  rates  of  feed  than 
for  either  the  8-inch  by  10-foot  or  the  8-inch  by  14-foot  tubes.  This 
indicates  clearly  that  a  lesser  degree  of  conversion  took  place,  an 
assumption  which  is  borne  out  by  the  decreased  yields  of  benzene 
and  toluene  for  the  given  conditions  of  operation.  The  results  were 
mostly  of  a  negative  character. 

The  greatly  decreased  capacity  of  the  tube  as  compared  with  those 
of  greater  length  made  it  apparent  that  the  7-foot  tube  was  too  short 
for  commercial  purposes,  although  the  reaction  was  proved  to  take 
place  readily  therein. 

GENERAL  OONOLUSIONS   REGARDING  DIMENSIONS  OF  TUBES. 

The  results  of  the  experiments  for  which  data  have  been  given 
show  that  conversion  into  low-boiling  aromatic  hydrocarbons  will 
take  place  in  tubes  of  any  size  from  li  inches  by  3  feet  to  8  inches 
by  14  feet. 

Reactions  occur  as  readily  in  one  size  of  tube  as  another.  The 
variation  in  extent  of  heating  surface,  however,  makes  it  necessary 
properly  to  adjust  conditions  of  temperature,  pressure,  and  rate  of 
feed  in  order  to  obtain  maxhnum  conversion,  and  minimum  waste 
in  the  form  of  ultimate  decomposition  products.'  The  desirable 
combination  of  conditions  must  be  experimentally  determined  for 
each  oil  used  as  original  material.  It  was  found  that  for  an  8-inch 
diameter  14  feet  exceeded  the  optimum  length  which  could  be  used, 
because  of  the  mechanical  rather  than  chemical  disadvantages. 
Likewise  it  was  found  that  a  7-foot  tube  was  too  short,  not  because 
of  chemical  or  mechanical  difficulties,  but  on  aoooxmt  of  the  com- 
mercial factor  of  greatly  decreased  capacity.  The  most  effici^it 
length  for  tubes  8  inches  in  diameter  was  determined  to  be  10  feet 
(for  the  heated  zone). 

There  is  no  reason  for  assuming  on  the  basis  of  the  preceding 
experiments  that  tubes  of  larger  diameter  can  not  be  successfully 
used.    As  a  matter  of  fact^  tubes  12  inches  and  18  inches  in  diameter 
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were  cast  and  a  new  design  of  furnace  worked  out  to  accommodate 
either  one  of  these  larger  tubes.  Because  of  the  necessity  of  turning 
out  product,  experimentation  with  the  larger  tubes  was  discontinued 
and  attention  concentrated  on  the  8-inch  tubes,  which  had  proved  to 
develop  a  fair  capacity  and  to  give  satisfactory  conversion  results. 
Therefore,  in  the  large  ftimaces  which  were  constructed  for  operating 
purposes,  8-inch  tubes  have  been  used  and  data  are  not  available  for 
the  larger  sizes.  The  indications  are,  however,  that  these  larger  sizes 
will  be  foimd  to  work  just  as  efficiently.  It  seems  possible  that  in  the 
use  of  these  larger  sizes,  particularly  the  18-inch  diameter,  the  addi- 
tion of  an  inner  core  of  smaller  size  would  be  desirable,  as  the  heat 
would  not  have  to  penetrate  to  the  axis  of  the  tubes  and  the  gases 
would  be  confined  between  the  inner  and  outer  tubes  so  as  to  gain  the 
full  advantage  of  the  greatly  increased  contact  surface.  Some  idea 
of  what  the  increase  in  diameter  to  12  and  18  inches  means  may  be 
gained  from  the  statement  that  the  jump  in  diameter  from  8  to  10 
inches  will  give  an  increase  of  60  per  cent  in  volume,  with  a  resulting 
gain  in  feed  capacity. 

In  order  to  indicate  more  clearly  the  gain  in  capacity  resulting 
from  increase  in  diameter  or  length,  results  for  the  various  sizes  of 
tubes  are  given  in  Table  55.  From  this  table  it  will  be  noted  that  an 
increase  of  2  inches  in  diameter  and  4  feet  in  length  doubles  the 
capacity.  It  is  to  be  regretted,  therefore,  that  opportimity  has  not 
been  afforded  for  trying  out  either  the  12  or  18  inch  tubes. 

Table  66. — Relative  ratee  of  oil  feed  in  tubes  of  varying  diameters  and  lengths  at  a 

constant  temperature  and  pressure. 


Size  of  tube. 

Rate  of 

feed, 

gaUoDS 

per  hoar. 

Diameter. 

Length. 

1.6* 

4.5 

4.6 

6.0 

8.0 

8.0 

8.0 

&0 

Feet. 

3 

8 
10 

9 
10 

7 
10 
14 

a25 
8.00 

laoo 

14.00 
17.00 
12.00 
22.00 

aaoo 

Efficiency  has  been  foimd  to  increase  with  enlargement  of  the 
tube  diameter  and  it  is  reasonable  to  anticipate,  on  the  basis  of  the 
experimental  evidence  thus  far  adduced,  that  further  increase  in 
efficiency  may  result  from  a  still  greater  increase  in  diameter. 

EZPBBIHBNTS  WITH  BATTERIES  OF  10  TXTBES  8  INCHES  IN 

DIAHETEB  AND  14  FEET  LONG. 

As  soon  as  a  sufficient  number  of  runs  had  been  made  with  the 
single  8-inch  tubes  to  demonstrate  the  feasibility  of  carrying  out  the 
reaction  in  a  tube  of  this  diameter,  a  decision  was  reached  on  the  part 
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of  the  Aetna  company  to  install  six  furnaces  containing  batteries  of 
10  tubes  each.  The  individual  tubes  were  to  be  8  inches  in  external 
diameter  and  14  feet  in  over-all  length,  as  the  construction  of  the 
furnace  necessarily  reduced  the  effective  length  and  it  was  consid- 
ered that  this  length  would  bring  the  parts  of  the  tubes  in  which  the 
reaction  was  substantially  accomplished  relatively  near  the  favorable 
limits  found  by  experimentation. 

The  construction  of  ftimaces  on  such  a  large  scale  before  a  single 
furnace  was  carefully  tried  out  did  not  seem  entirely  justified  from 
the  experimental  point  of  view,  but  the  desire  on  the  part  of  the 
Aetna  company  for  immediate  production  convinced  it  of  the  desir- 
ability of  the  installation.  With  the  construction  of  these  furnaces, 
attention  was  naturally  concentrated  upon  their  operation.  As  a 
result  opportxmity  for  further  experimentation  with  types  of  fur- 
nace construction  and  possible  enlargement  of  the  tubes  or  cracking 
chambers  was  limited. 

PBOBLEMS   ENCOUNTERED  IN  OPERATING  FURNACES. 

It  was  soon  found  that  with  these  large-size  furnaces  new  mechan- 
ical and  operating  problems  had  been  introduced  which  required 
solution  before  reasonable  efficiency  could  be  attained.  It  had  been 
deemed  advisable  in  the  design  and  construction  of  the  furnaces  to 
operate  each  tube  as  a  separate  xmit  with  individual  oil  feed  and 
condensers,  so  that  the  reactions  in  each  tube  could  be  studied 
separately  and  conclusions  drawn  therefrom.  The  design  of  the  fur- 
nace made  it  impossible  to  continue  the  use  of  pyrometers  attached 
to  the  tubes  themselves,  and  in  order  to  properly  judge  the  heat  con- 
ditions in  the  combustion  chamber  it  became  necessary  to  rely  on 
pyrometric  readings  of  the  temperatures  existing  in  the  combustion 
chamber  as  a  whole,  and  on  optical  determinations  of  the  temperature 
that  were  based  on  the  colors  of  the  brickwork  and  the  tubes  them- 
selves. 

The  intense  heats  in  the  ftimace  chamber  made  the  use  of  base- 
metal  pyrometers  highly  imsatisfactory,  the  pyrometers  lasting  only 
a  few  days  before  they  had  to  be  renewed.  The  use  of  asbestos  and 
other  insulating  material  for  the  protection  of  pyrometer  rods  was 
attempted,  but  this  insulation  was  soon  destroyed  and  the  rods  were 
rendered  unfit  for  further  use.  In  consequence  chief  rehance  was 
placed  on  optical  readings  during  the  greater  portion  of  time  covered 
by  the  series  of  runs  for  which  data  are  hereinafter  given. 

After  the  abandonment  of  the  pyrometer  rods  as  an  index  of  tem- 
peratures in  the  combustion  chamber,  considerable  difficulty  was 
experienced  at  the  outset  in  obtaining  proper  heating  control.  As 
was  to  be  expected  at  the  beginning  of  operations,  the  furnaces  could 
not  be  continuously  operated  throughout  a  period  of  24  hours.    The . 
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frequent  shut-downs  necessitated  the  reheating  of  the  furnaces  in 
order  to  obtain  a  proper  cracking  temperature  in  the  tubes,  and, 
more  often  than  not,  resulted  in  overheating.  This  overheating 
brought  about  a  great  many  mechanical  difficulties,  some  of  which, 
for  the  time  being,  were  of  a  very  troublesome  character. 

First  and  more  important  of  these  difficulties  was  the  formation  of 
masses  of  dense,  hard  coke  in  the  interior  of  the  tubes  that  com- 
pletely plugged  them  and  prevented  the  passage  of  the  hydrocarbon 
gases.  Next  in  order  of  importance  was  the  trouble  caused  by  the 
excessive  heating  of  tubes  during  the  period  preparatory  to  each  run 
•  in  which  the  furnaces  weie  brought  up  to  the  necessary  temperature. 
This  trouble  manifested  itself  chiefly  in  the  opening  out  or  bulging 
of  the  tubes  during  the  progress  of  operations. 

The  mechanical  stirring  rods  were  also  foimd  to  give  considerable 
trouble  in  the  new  type  of  installation.     It  was  found  difficult  to 
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FiouBE  99.— Cross  section  of  tubes  in  ten-tnbe  lumaoe. 


obtain  a  rod  of  sufficient  strength  to  withstand  the  furnace  heats, 
this  trouble  also  being  due  to  overheating.  The  rotation  of  the  rods 
when  driven  at  a  considerable  rate  of  speed  caused  a  synchronous 
rocking  of  the  furnace.  The  vibration  was  so  great,  if  the  10  rods 
were  operated  simultaneously,  that  it  became  necessary  to  operate 
only  a  single  stirring  rod  at  a  time.  This  gave  opportxmity  for  the 
building  up  of  coke,  or  dense,  hard  carbon  on  the  walls  of  the  tube, 
as  well  as  on  the  stirring  rod  itself,  and  this  deposit  was  difficult  to 
remove  when  the  rod  was  again  placed  in  operation. 

The  most  serious  difficulty  encountered  with  this  type  of  furnace 
was,  however,  the  variations  in  results  obtained  from  diflFerent  tubes. 
It  was  later  found  that  the  pumps,  which  were  believed  to  give  an 
absolutely  predetermined  rate  of  feed,  did  not  indicate  plugging  in 
the  needle  valves  and  instead  of  a  uniform  feed  in  all  the  tubes,  the 
rate  varied  from  8  to  30  gallons  per  hour.  As  it  was  thought  that  the 
feed  mechanism  would  give  no  trouble,  this  handicap  was  not  dis- 
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covered  for  some  time.  It  would  be  unreasonable  to  expect  uniform 
results  with  such  wide  variations  existent.  The  arrangement  of  the 
tubes  in  the  furnace  and  the  numbers  given  to  them  in  operation  are 
shown  in  figure  39. 

Frequently  two  tubes  occupying  the  same  relative  position  in  the 
furnace,  such  as,  for  example,  tubes  3  and  8,  gave  widely  varying 
results,  the  specific  gravities  of  the  recovered  oil  ranging  in  some  cases 
from  0.88  to  1.00.  The  wide  differences  in  character  of  the  results 
obtained  will  be  more  clearly  perceived  on  examination  of  the  data 
contained  in  Table  56,  which  represents  the  results  of  a  study  of  the 
reactions  in  the  individual  tubes,  extending  over  a  period  of  some 
weeks. 

Table  56. — VariaHoiu  in  gpecific  gravity  of  oils  recovered  from  individual  tubes  in  a 
10-tube  furnace  (tubes  8  inches  %n  diameter  and  14  feet  long)fi 


Spedflo  gravity  in  tube  No. 

^_ 

Ron 
No. 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

1 

0.91 

0.98 

0.91 

a94 

0.89 

LOO 

0.00 

a96 

0.02 

2 
3 

.90 
.92 

.97 
.94 

.91 
.96 

.93 
.96 

.96 
.93 

.05 
.02 

LOO 
.95 

.96 
.93 

doo' 

.09 

4 

.92 

.96 

.99 

.92 

LOl 

.92 

.97 

.04 

.99 

.07 

6 

.94 

.94 

.90 

.94 

.94 

.94 

.96 

.05 

LOl 

.00 

6 

.93 

.98 

.99 

1.00 

.91 

.97 

LOO 

.06 

LOl 

.06 

7 

.91 

.91 

.88 

LOO 

.89 

.96 

92 

.01 

.07 

8 

.94 

.89 

.96 

.87 

.93 

.95 

.87 

.01 

.06 

0 

.94 

.99 

.92 

.95 

LOO 

.96 

.88 

.04 

.07 

10 

.93 

.87 

.89 

.98 

.97 

.92 

.90 

.07 

.06 

■.'oi* 

11 

.93 

.89 

.98 

.93 

.95 

.88 

.94 

.00 

LOS 

.06 

12 

.87 

.90 

.92 

.93 

.93 

.90 

.04 

.02 

.03 

.89 

13 

.92 

.90 

.96 

LOO 

.99 

.93 

.04 

.01 

.88 

.03 

14 

.96 

.89 

.96 

99 

LIO 

.92 

.00 

.89 

.95 

02 

15 

.96 

.98 

.96 

.98 

L02 

.96 

.03 

.00 

.93 

.04 

16 

.93 

88 

.90 

LOO 

.91 

90 

.84 

.96 

L04 

.03 

17 

.90 

.89 

.87 

.94 

96 

.90 

.96 

.02 

.96 

.07 

18 

.95 

.91 

.80 

.88 

.95 

.85 

.89 

.05 

.99 

06 

10 

.93 

97 

.88 

.89 

.89 

.95 

.08 

.01 

.99 

.05 

ao 

.93 

.95 

.89 

.93 

.95 

.94 

.03 

.04 

LOO 

.05 

21 

.90 

.94 

.86 

.96 

.92 

.04 

.01 

LOO 

.05 

.01 

22 

1.00 

1.01 

.06 

.97 

.91 

.98 

.07 

.00 

.00 

.05 

23 

.94 

.98 

.90 

.95 

.94 

.97 

.08 

LOl 

.00 

.04 

24 

.91 

.94 

.87 

.98 

.90 

.94 

.04 

.07 

.06 

.04 

25 

.91 

.92 

.87 

.94 

.91 

.93 

.05 

.06 

.03 

.01 

26 

.98 

.99 

.97 

.99 

.97 

.96 

.07 

LOl 

LOl 

.93 

27 

1.00 

1.02 

.92 

.95 

LOO 

.04 

.05 

L05 

LOS 

.06 

28 

.01 

.92 

.87 

.94 

.91 

.01 

.03 

.96 

.03 

.01 

29 

.98 

.99 

.97 

.99 

.99 

.07 

.06 

LOl 

LOl 

06 

30 

1.00 

1.02 

.92 

.95 

.95 

LOO 

.04 

LOS 

LOS 

.08 

a  Compare  with  results  presented  in  Table  58. 

On  account  of  the  fact  that  the  principal  connnercial  development 
of  the  benzene-toluene  process  has  been  in  connection  with  these  10- 
tube  furnaces  considerable  space  has  been  given  in  a  subsequent  part 
of  this  report  to  a  description  of  the  mechanical  features  connected 
with  this  type  of  installation. 

RESULTS   LOW  BECAUSE   OP  INADEQUATE   CONDENSATION. 

In  considering  the  percentage  yields  reported,  too  much  emphasis 
can  not  be  placed  upon  the  fact  that  adequate  condensation  has  not 
been  afforded  and  that  on  this  accoimt  the  results  axe  less  favorable 
than  would  be  obtained  normally. 
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It  is  the  custom  among  oil  refiners  to  allow  1}  to  2  square  feet  of 
condensing  surface  per  barrel  of  oil  treated  in  a  given  retort.  On 
this  basis  the  area  of  condensing  surface  for  the  individual  tubes  was 
insufGicient  and  has  been  detrimental  to  the  products  obtained,  as  is 
evident  from  the  following  facts: 

Benzene  boils  at  a  temperature  of  80^  C.  and  toluene  at  110°  C. 
At  30°  C.  the  vapor  pressure  of  benzene  is  one-fourth  atmosphere, 
at  60°  C.  it  is  one-half  atmosphere,  and  at  120°  C.  it  is  three  atmos- 
pheres. The  same  relative  order  of  temperature  and  pressure  values 
holds  for  toluene. 

In  testing  the  temperature  of  recovered  oil  as  it  left  the  condenser 
figures  for  an  average  of  six  runs  ranged  between  88°  and  125°  C. 
In  other  words,  the  liquid  left  the  condenser  at  a  temperature  higher 
than  the  boiling  points  of  the  products  sought.  This  was  possible 
owing  to  the  presence  of  quantities  of  higher-boiling  constituents 
which  tended  to  retain  a  part  of  the  lower-boiling  constituents. 

Separate  condensers  were  installed,  as  previously  mentioned,  in 
order  to  collect  the  liquid  products  of  the  gaseous  reaction  in  each 
individual  tube.  It  has  been  the  practice  to  tap  these  condensers 
and  to  collect  and  measure  the  product  in  a  buoket,  the  total  product 
from  each  tube  being  kept  separate  from  the  products  of  the  other 
tubes.  This  was  done  primarily  for  the  purpose  of  studying  the 
furnace  conditions  with  respect  to  the  individual  tubes,  and  pro- 
vision was  made  from  the  outset  for  ultimately  connecting  each 
priroary  and  secondary  condenser  allotted  to  each  tube  into  a  conmion 
header.  It  was  felt  inadnsable  to  do  so  as  long  as  the  wide  variations 
existed  which  are  shown  in  Table  56. 

The  recovered  products  taken  from  the  condenser  at  this  high 
temperatiu^  evaporated  when  exposed  to  the  air.  Fully  50  per  cent 
of  the  benzene  and  toluene  were  dissipated  in  this  way.  This  serious 
loss  renders  all  the  reported  yields  proportionately  low.  There  is 
absolutely  no  question  in  the  mind  of  the  authors,  or  of  those  in  con- 
nection with  the  development  operations,  but  that  the  yields  thus  far 
obtained  could  have  been  approximately  doubled  had  adequate 
condensation  been  had  from  the  outset. 

The  inadequacy  of  the  condensing  apparatus  may  be  better  realized 
when  it  is  stated  that  the  area  of  condensing  surface  per  tube  was 
approximately  10  square  feet,  and  the  volume  of  gases  per  hour 
passing  through  the  condenser  was  1,500  cubic  feet.  In  other 
words  1  square  foot  of  condensing  surfaoe  was  available  for  each 
150  cubic  feet  of  gas  generated  per  hour. 

The  foregoing  is  not  intended  as  a  criticism  of  the  operating 
methods  followed,  as  it  was  absolutely  essential  that  opportunity 
be  afforded  to  analyze  the  products  from  each  tube,  which  could 
not  have  been  done  in  any  other  manner.    It  should  be  borne  in  mind 
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that  the  results  of  experiments  extending  over  a  period  of  seven 
months  are  here  recorded  and  that  at  the  outset,  and  throughout 
the  greater  part  of  the  development  period,  attention  was  concen- 
trated more  on  the  mechanical  problems  incident  to  large-scale 
operation  than  on  the  maximum  recovery  of  conversion  products. 
It  was  at  all  times  reoognized  that  such  a  recovery  could  be  obtained, 
but  until  the  mechanical  difficulties  had  been  overcome,  and  con- 
tinuous operation  attained,  the  prooess  could  not  be  considered  as 
commercially  practicable. 

The  process  could  be  considered  a  success,  however,  when  a  state  of 
comparatively  continuous  operation  and  efficient  oonversion  had 
been  reached,  even  though  efficient  condensation,  heat  economy, 
preheating  of  oil,  and  other  standard  refinements  had  not  been 
installed.  Common  criticism  was  raised  against  permitting  the 
gases  formed  to  go  into  the  air  instead  of  burning  them,  the  advis- 
ability of  which  was  never  questioned.  .  Necessity  demanded, 
however,  that  more  important  fundamental  considerations  be 
considered  first.  The  matter  of  the  installation  of  an  efficient  con- 
denser and  scrubber  was  considered  a  refinement  to  be  taken  up 
at  a  later  date  after  the  basic  mechanical  difficulties  had  been  meas- 
urably overcome.  With  the  large  condenser  and  numerous  other 
refinements  being  installed  to  handle  the  product  from  all  the  fur- 
naces, the  yields  obtained  will  show  a  marked  improvement  over 
the  ones  presented  in  this  bulletin. 

The  above  explanation  must  be  kept  constantly  in  mind  in  passing 
on  the  results  recorded,  as  otherwise  entirely  erroneous  impressions 
will  be  formed  concerning  the  availability  of  the  process  for  general 
use  under  normal  conditions. 

CARBON   DEPOSrriON. 

Throughout  the  operations  for  which  results  are  recorded  in  Table 
58  an  Oklahoma  crude  oil  was  used.  The  semiasphaltic  character  of 
this  oil  caused  a  very  large  percentage  of  carbon  formation,  and  its 
use  was  discontinued  in  favor  of  a  distillate,  from  Pennsylvania  crude, 
with  a  boUing  range  between  250°  and  400°  C.  This  does  not  imply 
that  Oklahoma  oils  are  unsuitable  for  use  in  the  process,  but  means 
that  it  is  desirable  first  to  remove  the  gasoline  fraction  and  the  heavy 
residuum.  Laboratory  tests  have  shown  clearly  that  if  this  were 
done  an  Oklahoma  oil  would  probably  give  more  satisfactory  results 
than  the  Pennsylvania  distillate  which  has  since  been  used,  because 
the  asphaltic  properties  of  some  of  its  constituents  favor  sphtting 
into  benzene  and  its  homologues. 

The  lack  of  distillation  facilities  at  the  plant,  together  with  the 
cost  thereof,  as  compared  with  the  price  at  which  a  distillate  could 
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be  purchased  at  local  refineries,  caused  the  abandonment  of  the 
Oklahoma  crude  oil  in  favor  of  this  distillate. 

The  total  amount  of  carbon  formed,  on  the  basis  of  oil  used,  has 
been  rather  roughly  determined  by  scraping  the  carbon  from  the 
carbon  receptacles  into  wheelbarrows  and  weighing  it.  It  was  found 
to  average  between  1  and  1^  pounds  per  gallon  of  oil  used.  This 
means  that  for  every  1,000  gallons  of  oil  the  process  made  and  cared 
for  between  1,000  and  1,500  pounds  of  carbon.  The  abihty  to 
successfully  handle  this  lai^e  amount  of  carbon  is  beheved  to  con- 
stitute a  unique  difference  between  this  and  other  cracking  processes. 
The  total  amount  of  carbon  formed  while  using  Oklahoma  crude  oil 
is  greatly  in  excess  of  the  amount  formed  from  the  distillate  subse- 
quently used.  The  latter  oil  averaged  only  one-fourth  to  one-half 
poimd  per  gallon.  This  indicates  that  a  considerable  quantity  of 
the  total  carbon  formed  came  from  the  heavy  bottoms,  or  residuimi, 
absent  in  the  distillate. 

BEDUOTION  IN  LENGTH  OF  TUBES. 

It  was  felt  that  the  mechanical  troubles  could  largely  be  remedied 
by  shortening  the  tubes.  Accordingly,  in  later  experiments  it  was 
decided  to  replace  the  14-foot  tube  by  tubes  11^  feet  long,  giving  an 
effective  heating  length  of  approximately  10  feet.  Several  weeks 
were  consumed  in  the  reconstruction  of  the  furnaces  to  accommo- 
date the  shorter  tubes  and  in  the  preparation  of  drawings  and  the 
casting  of  new  furnace  tops  to  replace  those  formerly  used.  The 
experiments  with  8-inch  tubes  14  feet  long  in  batteries  of  ten  brought 
the  same  conclusion  which  had  been  reached  regarding  their  use 
singly — that  for  purely  mechanical  reasons  a  length  of  14  feet  was 
too  great. 

RESULTS  OBTAINED. 

The  results  of  operations  in  the  large  14-foot  furnaces  are  given  in 
Table  57,  and  represent  the  results  of  more  than  three  months  of 
experimentation  and  operation.  Space  would  not  permit  the  inclu- 
sion of  all  the  data  for  the  six  furnaces;  consequently  selection  has 
been  made  of  typical  runs  and  results. 

It  has  been  impossible  to  indicate  the  temperatures  existing  for 
the  reason  that  these  varied  all  the  way  from  600°  C.  up  to  800°  C, 
and  precise  determinations  were  not  obtainable  by  optical  readings. 
The  temperatures  that  were  reported  represented  only  the  best 
guesses  of  the  heaters  (furnace^  tenders)  or  the  engineers  in  chaise  of 
operations,  and  therefore  no  good  purpose  would  be  served  by  includ- 
ing them  in  the  table. 
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Tablb  57. — Benzene  and  toluene  formed  from  eraeking  Okkthoma  crude  oU  in  lO^ube 
furnaces  (tubes  8  inches  in  diameter  and  14  feet  long)  at  varying  preseures  and  rates 
of  oUfeed.^ 

(Temperatures  varied  from  600*  C.  to  800*  C.  and  were  determined  by  Judging  the  cokr  of  the  tabes,  aided 
in  some  cases  by  pvrometer  inserted  in  checker  work  of  furnace.  In  determining  spedilo  gravities  for 
runs  in  multiple-tube  furnaces,  covering  quantities  ranging  Ihnn  1  to  1,500  galloos,  the  values  indicated 
are  ocrred  within  0.02.] 
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18 
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0.92 
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5.3 
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3.0 
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100 

18 

1,343 

34 

.94 
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16.4 
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23 
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37 
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a  Results  low,  due  to  insufficient  condensation. 

It  will  be  noted  that  with  the  Oklahoma  crude  oil,  the  percentage 
of  benzene  formed  exceeds  on  an  average  the  percentage  of  toluene 
formed.  This  is  in  sharp  contrast  with  later  results,  obtained  with 
the  use  of  the  distillate  oil,  in  which  the  percentage  of  toluene  exceeds 
that  of  benzene.     (See  page  165.) 

The  yields  of  benzene  and  toluene  shown  in  this  table  are,  on  the 
whole,  less  than  the  yields  obtained  with  the  same  oil  in  the  single- 
tube  furnaces.  The  wide  variation  both  in  the  specific  gravities  and 
in  the  total  amounts  of  benzene  and  toluene  formed  is  to  be  explained 
by  the  different  temperatures  which  existed  during  the  course  of  the 
runs.    Heat  control  is  of  course  the  most  vital  factor  in  the  process 
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and  the  inability  to  obtain  uniform  temperature  conditions  in  the 
series  of  runs  reported  is  responsible  for  the  variations  to  which 
attention  has  been  called. 

EZPEBDCENTS  WITH  BATTERIES  OF  TEN  TUBES  8  INCHES  IN 

DIAHBTEB  AND  11}  FEET  LONQ. 

As  has  been  pointed  out,  the  decision  to  reduce  the  length  of  the 
tubes  in  the  10-tube  furnaces  from  14  feet  to  11}  feet  was  due  to  a 
desire  to  reduce  mechanical  difficulties  incident  to  the  operation  of 
the  longer  stirring  rods.  It  was  decided  at  the  same  time  to  decrease 
the  rate  of  oil  feed,  in  order  to  permit  using  a  lower  temperature  for 
the  same  relative  amount  of  conversion. 

It  was  determined  also  to  conduct  experiments  for  the  purpose  of 
ascertaining  whether  the  pressure  previously  used  (250  poimds  per 
square  inch)  could  not  be  materially  reduced  in  view  of  the  slower 
rate  of  feed.  An  extensive  series  of  experiments  demonstrated  that 
with  the  distillate  a  pressure  of  150  to  175  poimds  at  the  reduced 
feed  gave  more  satisfactory  results  than  the  higher  pressures. 

The  reduction  in  the  length  of  the  tubes  from  14  feet  to  11}  feet 
gave  an  effective  furnace  length  of  approximately  10  feet,  which  is 
the  optimum  length  as  determined  by  a  series  of  experiments  with 
the  single-tube  furnaces  for  an  S-inch  diameter.  The  results  with  the 
shorter  tubes  have  shown  an  improvement  over  those  obtained  with 
the  longer  tubes.  The  average  recovery  of  aromatic  hydrocarbons 
has  been  shghtly  larger,  but  the  greatest  improvement  has  been  with 
respect  to  the  mechanical  difficulties  that  were  previously  encoim- 
tered.  The  shortening  of  the  stirring  rod  has  lessened  the  strain  to 
which  the  rod  was  subjected  and  has  prolonged  its  life  in  service. 

The  same  variation  among  different  tubes  in  the  results  of  the 
conversion  in  each  individual  tube  has  persisted,  however,  as  is  shown 
by  the  specific  gravities  of  the  recovered  oil,  given  in  Table  58.  The 
specific  gravities  for  a  single  run  varied  all  the  way  from  0.82  to 
1.01.  The  average  of  the  specific  gravities  of  the  oils  from  the  ten 
tubes  may  be  0.93,  yet  the  specific  gravity  of  the  oil  from  one  or 
more  tubes  may  be  as  low  as  0.82  and  from  other  tubes  as  high  as 
1 .05.  This  means  that  there  will  be  a  larger  percentage  of  impurities 
in  the  form  of  olefins  and  paraffins  in  the  recovered  product,  which 
can  not  be  removed  by  simple  distillation.  Information  is  now 
available  to  the  effect  that  in  the  nitration  of  the  products  impurities 
can  be  readily  removed,  thus  making  their  presence  of  little  moment. 
In  fact,  recovered  oils  of  even  lower  specific  gravities  would  be  just 
as  satisfactory  for  nitration,  which  would  make  the  control  conditions 
still  easier  of  attainment.    Table  58  foUows: 

17945'- 
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•Variations  in  Mpecific  gravity  of  oUs  recovered  from  individiial  tubes  in  a 
lO'tuhe  furnace  (tubes  8  inchu  in  diameter  and  ll\feet  Umg)A 
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1.06 

1.01 

17 

1.06 

.97 

.97 

.98 

1.04 

.97 

.97 

1.07 

1.02 

1.00 

18 

.96 

1.05 

1.03 

1.00 

.98 

1.06 

.97 

1.06 

1.03 

19 

.98 

.92 

.91 

.96 

.03 

1.00 

.90 

.91 

.95 

.97 

ao 

.90 

.96 

.96 

.96 

.97 

.97 

1.03 

.97 

.98 

.91 

21 

.90 

.96 

.91 

.96 

.95 

.97 

.92 

.97 

1.03 

.94 

22 

.88 

.91 

.92 

.87 

.88 

.89 

.92 

.91 

.92 

.90 

23 

.92 

.95 

.95 

.91 

.94 

.95 

.96 

.97 

.96 

.97 

24 

.89 

.90 

.80 

.89 

.88 

.94 

.93 

.95 

.98 

.95 

25 

.96 

.92 

.94 

.90 

.88 

.98 

.92 

1.00 

.92 

26 

.95 

.93 

.93 

.05 

.90 

1.00 

.95 

1.00 

.97 

.91 

27 

.90 

.92 

.92 

.80 

.91 

.95 

.97 

.99 

.96 

28 

.86 

.89 

.92 

.90 

.80 

.88 

.93 

1.02 

.96 

.98 

29 

.90 

.95 

1.00 

1.05 

.96 

.91 

1.00 

1.03 

1.03 

1.04 

30 

.87 

.82 

.97 

.97 

.93 

.97 

.92 

.99 

1.01 

.93 

a  Compare  with  data  given  In  Table  56. 

The  significance  of  the  varying  specific  gravities  of  products  yielded 
by  the  individual  tubes  is  more  clearly  indicated  by  an  examination 
of  Tables  59,  60;  and  61,  which  show  the  percentages  of  benzene, 
toluene,  and  total  benzene  and  toluene  formed,  on  the  basis  of 
original  oil,  in  the  same  runs  for  which  specific  gravities  are  given  in 
Table  58  for  the  8-inch  by  llj-foot  furnaces.  The  average  recovery 
of  benzene  varied  from  0.5  to  3  per  cent,  whereas  the  percentage  of 
toluene  varied  from  1  to  4  per  cent.  The  substitution  of  a  distillate 
oil  for  the  Oklahoma  crude  oil  that  was  previously  used  has  made  no 
difference  in  the  variation  in  results,  and  it  is  evident  that  the  differ- 
ence in  the  nature  of  the  oils  has  no  bearing  on  the  problem.  The 
problem  is  purely  one  of  heat  control.  Experience  has  shown  that 
proper  heat  control  is  relatively  easy  in  a  single-tube  furnace,  but 
more  difficult  in  the  multiple-tube  furnaces.  The  tables  showing 
percentages  of  products  obtained  follow: 
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Table  69. — VarioHons  in  percentage  of  benzene  fanned  in  individual  tiibes  in  a  lO-tube 
furnace  (tvhee  8  inches  in  diameter  and  11^  feet  long),  calculated  on  basis  of  original 


Percentage  of  beniene  formed  In  tabe  No 

>^^ 

Run 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

8.5 

3.0 

3.6 

2.8 

5.8 

0.8 

4.6 

3.1 

2 

3.2 

4.2 

3.3 

2.3 

2.1 

2.9 

3.5 

1.8 

3 

1.0 

3.1 

2.1 

2.5 

8.1 

8.1 

8.8 

2.7 

2.8 

0.7 

4 

2.0 

2.7 

2.8 

1.2 

1.7 

2.3 

1.4 

1.6 

0.9 

5 

8.2 

2.6 

2.8 

L8 

2.6 

2.3 

2.9 

2.4 

3.4 

6 

8.4 

2.2 

1.3 

2.8 

2.9 

2.9 

1.3 

7 

1.0 

3.1 

2.1 

3.1 

8.1 

3.8 

2.7 

2.8 

0.7 

2.5 

8 

2.0 

2.7 

2.8 

2.2 

2.7 

2.3 

1.4 

L6 

0.9 

9 

3.2 

3.6 

2.8 

2.8 

2.3 

2.9 

3.4 

3.4 

10 

3.8 

1.8 

1.6 

2.4 

1.8 

LO 

1.2 

1.5 

11 

4.2 

4.0 

5.3 

5.8 

2.0 

4.2 

8.5 

3.6 

2.4 

3.6 

12 

3.9 

8.9 

2.8 

3.8 

2.5 

2.0 

3.1 

3.8 

4.0 

13 

2.4 

3.8 

2.4 

2.7 

3.1 

3.3 

2.1 

2.5 

4.4 

14 

2.0 

3.6 

3.8 

4.3 

3.8 

3.5 

8.8 

2.9 

2.0 

15 

2.4 

4.2 

3.9 

2.9 

2.4 

8.0 

3.5 

2.8 

8.0 

16 

3.1 

2.9 

2.8 

3.6 

3.9 

2.0 

3.9 

3.0 

1.4 

2.3 

17 

3.6 

3.4 

2.6 

8.1 

3.0 

8.2 

3.5 

2.0 

1.9 

3.2 

18 

2.7 

3.8 

8.6 

8.0 

2.5 

2.9 

3.3 

4.5 

2.5 

2.0 

19 

3.2 

3.6 

2.7 

3.0 

3.0 

3.8 

2.8 

3.0 

2.6 

3.1 

20 

2.9 

3.0 

2.4 

2.5 

1.8 

2.4 

3.2 

1.9 

2.2 

2.6 

21 

2.5 

3.4 

3.3 

3.2 

3.1 

4.7 

3.4 

4.2 

4.5 

2.4 

22 

2.4 

3.0 

8.0 

2.4 

2.3 

1.8 

3.7 

2.8 

2.4 

2.5 

23 

8.1 

2.9 

3.1 

3.0 

2.9 

3.3 

3.3 

3.1 

2.8 

2.7 

24 

2.9 

2.7 

3.3 

2.6 

3.5 

4.2 

3.6 

2.4 

2.9 

2.4 

25 

8.1 

3.2 

3.7 

3.3 

3.5 

2.8 

8.2 

2.9 

3.5 

26 

3.0 

2.9 

2.9 

4.6 

2.4 

2.8 

3.5 

2.9 

3.0 

27 

3.0 

2.6 

2.7 

3.8 

3.3 

3.1 

2.9 

2.2 

3.0 

28 

2.6 

3.0 

3.2 

2.7 

2.4 

2.3 

4.0 

2.9 

8.4 

2.6 

29 

2.6 

3.3 

8.4 

2.9 

2.9 

2.1 

2.3 

2.8 

1.5 

2.1 

30 

2.5 

2.6 

2.6 

2.3 

2.6 

2.4 

2.4 

3.0 

2.1 

1.2 

o  Results  low,  due  to  InsufQcient  condensation. 

Table  00. — Variations  in  percentage  of  tolxiene  formed  in  individual  tubes  in  a  lO-tube 
ftamace  (tui>es  8  inches  in  diameter  and  ll\feet  long),  calculated  on  basis  of  original 
oU.a 


Run 
No. 

Percentage  of  toluene  formed  in  tube  No.— 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

3.5 
3.8 
1.3 
2.8 
3.2 

'i.'9  ■ 

2.3 
3.6 
3.5 
4.4 

2.' 6" 

2.4 

2.6 

3.2 

2.8 

2.8 

3.4 

3.2 

3.1 

3.5 

4.4 

4.2 

3.8 

3.3 

3.0 

3.9 

3.0 

8.4 

3.1 
4.3 
3.6 
3.0 
2.6 
3.4 
3.6 
3.0 
3.0 
2.3 
4.2 
3.9 
4.2 
3.8 
4.6 
3.1 
3.7 
4.0 
4.2 
3.2 
3.5 
4.1 
3.7 
3.7 
3.9 
3.3 
2.6 
3.7 
3.4 
2.9 

3.6 
3.5 
2.7 
3.0 
2.8 
2.4 
2.7 
3.0 
2.8 
1.2 
5.7 
3.9 
3.8 
4.2 
3.7 
2.9 
3.0 
2.8 
3.2 
2.6 
2.3 
3.8 
3.8 
3.9 
4.0 
3.6 
2.7 
4.0 
3.5 
2.8 

2.9 
2.5 
3.1 
1.3 
1.8 
1.6 
3.1 
1.3 
2.4 
2.3 
3.3 
2.8 
3.2 
5.1 
3.3 
2.7 
3.5 
3.1 
3.4 
2.7 
2.5 
4.3 
4.4 
2.0 
4.0 
5.5 
3.8 
3.4 
3.0 
2.4 

'3.'2" 
2.0 
2.3 

'3.2* 
2.0 

i.'i  ■ 

3.8 
3.6 
4.0 
2.7 
3.2 
3.1 
2.6 
3.6 
2.9 
3.8 
3.8 
4.1 
4.8 
4.6 
3.1 
3.3 
3.5 
2.4 
8.0 

5.4 
2.2 
3.7 
3.8 
2.9 
2.8 
3.3 
3.8 
2.4 
1.0 
4.2 
3.8 
2.6 
2.8 
2.5 
2.1 
2.3 
2.9 
3.9 
2.5 
4.9 
2.8 
2.6 
4.7 
2.9 
2.8 
3.1 
3.4 
2.3 
2.6 

0.9 
3.6 
4.2 
1.6 
2.4 
3.0 
4.2 
1.6 
3.0 
0.9 
2.6 
2.4 
2.6 
3.4 
3.7 
3.1 
3.8 
3.6 
3.7 
2.4 
2.8 
4.7 
3.9 
3.8 
3.5 
3.9 
3.9 
4.2 
2.5 
2.8 

'3.'2'* 
3.2 

is" 

2.0 
2.6 
3.1 
2.9 
2.2 
4.2 
4.5 
3.5 
3.3 
2.5 
4.0 
2.7 
3.1 
3.6 
3.1 
2.2 
3.1 
2.5 
3.1 

4.5 
4.0 
3.2 
1.4 
2.4 
1.3 
2.9 
1.4 
2.3 
1.0 
3.8 
2.1 

"I'.'b" 
2.2 
2.5 
3.0 
1.4 
2.4 
2.8 
3.3 
3.2 

3.6' ' 

2.2 

1.3 

3.4 
1.7 
2.8 
1.9 
3.4 

'6.'9  " 
0.9 
3.2 
1.4 
2.5 
3.8 
4.4 
2.2 
3.6 
2.5 
2.4 
2.6 
3.8 
2.8 
2.7 
3.8 
3.1 
3.9 
3.8 
3.2 
3.1 
3.0 
0.9 
1.4 

a  Results  low,  due  to  insufficient  condensation. 
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Table  61. —  Variations  in  total  vercenktge  of  hemene  and  toluene  formed  in  individuxd 
tubes  in  a  10-tube  furnace  {tubes  8  iriches  in  diameter  (md  lH  feet  long),  calculated 
on  basis  of  original  oil  a 


Peroentage  of  bcnaene  and  tohiene  fanned  in  tube  No.-— 

Eon 
No. 

1 

1 

2 

.    3 

4 

6 

6 

7 

8 

9 

10 

1 

7.0 

6.1 

7.2 

6.7 

11.2 

1.7 

9.1 

6.5 

2 

7.0 

8.5 

6.8 

4.8 

4.3 

6.6 

7.6 

3.5 

3 

2.3 

6.7 

4.8 

5.6 

6.3 

6.8 

8.0 

6.9 

6.0 

2.6 

4 

4.3 

6.7 

5.8 

2.5 

8.7 

6.1 

3.0 

3.0 

2.8 

5 

6.4 

5.2 

5.6 

3.6 

4.9 

6.2 

6.3 

4.8 

6.8 

6 

6.8 

4.6 

2.9 

5.6 

6.9 

6.0 

2.6 

7 

2.9 

6.7 

4.8 

6.2 

6.3 

7.1 

&9 

6.7 

3.6 

3.4 

8 

4.3 

5.0 

5.1 

4.6 

6.8 

6.1 

3.0 

2.1 

1.8 

9 

6.8 

6.8 

5.6 

6.1 

4.7 

4.7 

6.9 

8.0 

6.6 

10 

7.3 

5.3 

3.9 

6.7 

2.8 

1.9 

&7 

2.9 

11 

8.6 

8.4 

11.0 

9.1 

8.4 

6.1 

7.4 

2.2 

6.1 

12 

7.8 

7.8 

5.6 

3.i 

6.3 

4.4 

6.1 

6.2 

7.8 

13 

4.9 

8.0 

6.2 

5.9 

7.6 

6.9 

4.7 

6.1 

5.9 

8.8 

14 

4.4 

7.4 

8.0 

9.4 

6.7 

7.6 

6.9 

6.0 

4.2 

15 

5.0 

8.8 

7.6 

6.2 

7.8 

6.5 

6.4 

&7 

6.6 

16 

6.3 

6.0 

5.5 

6.3 

5.1 

4.1 

6.1 

5.2 

2.9 

4.8 

17 

6.4 

7.1 

5.6 

6.6 

7.1 

6.5 

7.7 

6.2 

4.1 

6.6 

18 

5.5 

6.6 

6.4 

6.1 

6.1 

5.8 

7.8 

9.0 

5.0 

4.6 

19 

6.6 

7.0 

5.0 

6.4 

5.1 

7.7 

6.3 

6.5 

5.6 

6.9 

20 

6.1 

6.2 

5.0 

5.2 

6.6 

4.9 

6.5 

5.2 

3.6 

5.4 

21 

5.6 

6.5 

6.1 

5.7 

4.7 

9.6 

6.2 

6.7 

6.9 

5.1 

22 

5.9 

6.5 

6.8 

6.7 

6.9 

4.6 

8.4 

6.8 

5.2 

6.4 

23 

7.6 

7.3 

6.9 

7.4 

6.1 

6.9 

7.2 

6.8 

6.1 

6.8 

24 

7.1 

6.9 

7.5 

4.6 

7.0 

8.9 

7.4 

6.5 

6.1 

6.3 

25 

6.9 

7.0 

7.7 

7.3 

8.3 

6.7 

6.7 

6.5 

«•••«• 

7.3 

26 

6.3 

6.2 

6.5 

10.1 

8.1 

5.6 

7.4 

6.0 

6.2 

27 

6.0 

5.6 

5.4 

7.6 

5.6 

6.2 

6.8 

4.4 

6.1 

28 

6.5 

6.9 

7.7 

6.1 

6.6 

5.7 

8.2 

6.0 

7.0 

6.6 

29 

5.6 

6.3 

6.9 

5.9 

5.9 

4.4 

4.8 

4.8 

3.7 

3.0 

30 

5.9 

6.0 

5.4 

4.7 

5.6 

5.0 

5.2 

6.1 

2.5 

2.6 

a  Results  low,  due  to  insofflcient  condensation. 

The  runs  shown  in  Table  61  were  all  made  on  the  basis  of  150  pounds 
pressure,  but  at  varying  rates  of  feed.  No  attempt  has  been  made  to 
present  all  the  data  for  the  six  furnaces,  as  they  would  be  merely 
cumulative  in  character. 

In  considering  the  total  recoveries  of  benzene  and  toluene,  it  should 
be  borne  in  mind  that  the  percentages  shown  are  not  the  maximum 
recoveries  that  can  be  obtained  from  a  given  quantity  of  oil.  These 
percentages,  as  has  been  pointed  out,  are  based  on  the  calculated 
amount  of  aromatic  hydrocarbons  in  the  distillation  cut  up  to  a 
temperature  of  175**  C.  The  residue  from  the  175*^  C.  cut  is  highly 
suitable  for  rerunning  through  the  furnace,  and  will  yield  an  amount 
of  aromatic  hydrocarbons  equal  to  that  recovered  by  the  first  run. 
The  result  is  that  from  a  given  quantity  of  oil  the  maximum  recovery 
on  running  the  oil  twice  through  the  tubes  will  be  at  least  double 
that  reported  here.  That  part  of  the  cut  up  to  175°  C,  above  the 
toluene  fraction,  is  even  more  suitable  for  rerunning  than  the  cut 
above  175°,  as  the  former  contains  the  xylenes  and  solvent  napthas 
which  have  been  proven  to  be  a  most  prolific  source  of  both  benzene 
and  toluene.  In  addition,  it  must  be  borne  in  mind  that  recovery 
has  not  been  made  of  the  aromatic  hydrocarbons  mechanically  carried 
in  the  uncondensed  gases.    The  gases,  which  in  order  to  maintain 
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uniform  pressure  were  constantly  being  released  during  the  operation 
of  the  process,  did  not  pass  through  an  efficient  condenser  or  scrubber, 
but  into  a  gas  header  and  thence  into  a  small  gas  trap,  where  a  portion 
of  their  liquid  content  was  removed.  These  gases  mechanically  carry 
over  a  considerable  percentage  of  the  heavier  as  well  as  of  the  lighter 
oils.  Although  the  gas  traps  were  of  great  value  in  indicating  quali- 
tatively the  amount  of  liquid  product  which  is  mechanically  carried 
by  the  gases,  they  did  not  remove  an  appreciable  quantity  of  these 
constituents. 

Table  62. — Bengene  and  toluene  formed  from  cracHng  a  digtillate  oU  in  10-tube  furnaces 
{tabes  8  inches  in  diameter  and  ll\feet  long)  at  a  constant  pressure  of  150  pounds  per 
sqiuxre  inck.O' 

[For  distillation  analysis  of  oil  used  see  Table  50.] 


Ofl 
used. 

Oil  re- 
cov- 
ered. 

Spedflc 
gravity 
of  re- 
covered 
oU. 

Ben- 
zene in 
recov- 

Tolu- 
ene in 
recov- 

Total 
benzene 

and 
toluene 
in  re- 
covered 
oU. 

Ben- 
zene 
formed 
on  basis 

Tolu- 
ene 
formed 
on  basis 

Total 
benzene 

and 
toluene 
formed 

ered  oil. 

erodon. 

of  origi- 
nal oil. 

of  origi- 
nal oH. 

on  basis 
of  origi- 
nal oil. 

QaOona. 

Perct, 

Per  a. 

Perct. 

Peret. 

Perct. 

Perct. 

Per  ct. 

342 

29.2 

0.08 

11.7 

11.7 

23.4 

3.4 

3.4 

6.8 

274 

30.6 

.95 

11.3 

11.6 

22.9 

3.5 

3.6 

7.1 

329 

26.1 

.05 

12.7 

13.0 

25.7 

3.3 

8.4 

6.7 

368 

26.9 

.97 

13.7 

14.5 

28.2 

3.7 

3.9 

7.6 

481 

33.8 

.91 

9.7 

11.2 

20.9 

3.3 

3.8 

7.1 

670 

83.1 

.96 

12.4 

12.9 

25.3 

4.1 

4.3 

8.4 

678 

36.3 

.96 

12.3 

14.6 

26.9 

3.2 

3.8 

7.0 

690 

28.0 

.96 

12.1 

13.9 

26.0 

3.4 

3.9 

7.3 

990 

37.0 

.91 

8.7 

11.1 

19.8 

3.2 

4.1 

7.3 

1,130 

28.0 

.94 

12.5 

13.6 

26.1 

3.5 

3.8 

7.3 

1,156 

32.0 

.95 

9.4 

9.7 

19.1 

3.0 

3.1 

6.1 

1,170 

25.0 

.97 

14.0 

13.6 

27.6 

3.5 

3.4 

6.9 

1,283 

25.6 

.97 

13.5 

14.3 

27.8 

3.5 

3.7 

7.2 

1,382 

87.4 

.91 

7.6 

8.4 

16.0 

2.8 
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a  Results  low,  due  to  Insufficient  condensation. 
GENEBAL  CONOLTTSZONS  BEaAKDINa  HITLTIPLE.TX7BE  FTJItNACES. 

Observations  of  the  residts  obtained  in  a  single-tube  furnace  as 
compared  with  those  obtained  in  the  10-tube  furnaces  have  demon- 
strated the  superiority  of  the  single-tube  over  the  multiple-tube 
arrangement. 

No  difficulty  was  experienced  in  maintaining  temperature  control 
over  the  single  tubes,  whereas  it  has  been  a  constant  problem  to  obtain 
anything  like  imifonnity  of  heating  conditions  with  the  multiple- 
tube  furnace.  To  get  a  uniform  heat  over  a  small  area  of  the  tube 
it  must  be  heated  on  more  than  one  side  by  burners  near  one  plane. 
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This  is  not  possible  in  the  multiple-tube  furnace,  but  is  easy  of 
accomplishment  in  the  single-tube  type.  One  side  of  the  tube  in 
the  multiple  furnace  often  becomes  too  hot  and  the  other  side  too 
cold.    This  would  not  be  the  case  with  the  smaller  installation. 

Separate  compartments  for  each  tube  would,  it  is  bdiered,  be  as 
satisfactory  as  single-tube  furnaces  if  sufficient  combustion  space 
were  allowed.  The  cost  of  construction  would  naturally  be  less  if  a 
number  of  these  compartments  were  constructed  as  a  unit.  It  is 
not  recommended,  however,  that  more  than  four  such  compartments 
be  arranged  in  a  single  imit. 

Another  recommendation  in  favor  of  the  single  tube  is  the  fact 
that  accurate  observation  of  heating  conditions  is  permitted,  which 
is  impossible  in  the  multiple  type.  With  the  single-tube  furnaces  a 
proportionally  much  larger  combustion  space  can  readily  be  obtained. 
The  larger  combustion  space  will  permit  a  better  mixture  of  the 
gas  and  air  and  will  tend  to  give  more  uniform  heat  conditions, 
owing  to  the  greater  distance  the  products  of  combustion  must  travel 
before  reaching  the  tubes.  An  outer  combustion  chamber  in  which 
combustion  takes  place  before  the  gases  enter  the  furnace  chamber 
in  which  the  single  tube  is  set  would  enable  the  brickwork  in  the 
interior  of  the  multiple  furnaces  to  be  dispensed  with  without  any 
change  in  the  results. 

Independent  operation  of  the  tubes  would  permit  a  tube  to  be 
removed  or  replaced  without  interfering  with  the  operation  of  the 
other  tubes.  This  is  difficult  in  the  case  of  a  nest  of  tubes  in  a 
multiple  furnace. 

DSSCEIPTION  OF  AETNA  PLANT  AS  FINALLY  CONSTRUCTED. 

FUBNACE  CONSTBTTCTZON. 

The  character  of  the  furnace  construction  is  indicated  by  Plate  III, 
which  shows  the  furnaces  partly  completed.  The  situation  of  the 
burners  in  the  furnaces  indicated  by  the  portholes.  The  arrange- 
ment of  the  furnaces  in  the  building  and  their  appearance  when 
completed  are  shown  in  Plate  I,  B.  The  carbon  pots  attached  to  the 
furnace  in  the  foreground  were  merely  a  temporary  installation. 
The  details  of  the  furnace  construction  are  given  in  figures  40  and  41, 
together  with  the  general  dimensions  of  the  furnace.  The  relation 
of  the  furnaces  to  the  building  construction  is  indicated  by  figure  42, 

As  will  be  observed  from  both  the  plates  and  the  figures  men- 
tioned, the  furnace  proper  consists  of  an  outer  shell  of  common 
brick,  lined  with  a  single  thickness  of  standard  fire  brick.  The 
over-all  dimensions  of  the  10-tube  furnace  are  approximately  as  fol- 
lows: Height  12  feet  5  inches,  clearance  between  top  and  bottom 
plates  11  feet;  length  of  sides  16  feet  IJ  inches,  clearance  between 


DESCBIPTION  OF  AETNA  PLANT  AS  FINALLY  CONSTBUCTED.     167 

inner  walls  13  feet  lOi  inches;  and  width  9  feet  4}  inches,  clearance 
between  side  walls  7  feet  li  inches.  Twenty-two  gas  burners  are 
used  for  heating  each  fiunace.    Any  common  type  of  gas  burner  of 
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sufficient  capacity  may  be  used.  The  consumption  of  gas  per  tube 
averages  about  300  cubic  feet  per  hour  with  the  present  installation, 
which  has  not  been  operated  with  particular  regard  to  economic 
heating. 
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The  interior  of  the  furnace  is  filled  with  &  checkerwork  of  fire  brick. 
The  gaseous  producte  of  combustion  pass  through  a  baffle  arrange- 
ment from  the  gas  ports,  ascend  through  the  checkenrork  and  &i« 
drawn  inside  the  chambers  of  fire  brick  in  which  the  tubes  are 
placed.     From  these  chambers  the  gases  pass  out  through  two  flues 
at  the  bottom  of  the  furnace  shell  and  are  discharged  into  the  open 
tur  through  stacks  IS  inches  in  diameter  placed  at  one  end  of  the 
furnace.     The  flues  are  so  arranged  that  the  products  of  combus- 
tion of  the  11  burners  on  one  side  of  the  furnace  pass  out  through 
an  individual  stack.     The 
'  brick  shell  of  the  furnace  is 
strengthened  by  five  steel 
buckstays  on  each  side  and 
three  on  each  end,  these 
stays  being  approximately 
15  feet  8  inches  high  and  8 
inches  wide.    The  tops  of 
the  stays  are  connected  with 
tie-rods  so  as  to  give  greater 
stability   to    the  furnace. 
The  biuuers  of  the  upper 
row  are  placed  at  a  height 
of  3}  feet  above  the  heater 
platform,  shown  in  Plate 
I,  B.    It  has  been  found 
necessary  to  have  a  double 
set    of   burners    in    order 
to  supply   the    additional 
,  heat  required  to  maintain 
the   tubes  at  the  desired 
CROSS  SECTION  A-A  temperature. 

1  be  furnaces  are  set  at  a 
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height  of  101  f®^''  above  the 
ground,  and  rest  on  16-inch  I  beams,  supported  by  8-inch  I  beams. 
The  arrangement  of  the  supports  is  fully  shown  in  Plate  I,  B.  The 
furnaces  were  thus  elevated  because  it  was  necessajy  to  place  carbon 
receptacles  immediately  under  the  bottom  of  the  tubes,  and  to  rotate 
the  stirring  rod  from  below.  The  carbon  receptadea  and  the  stirring- 
rod  drive  rest  on  concrete  foundations. 

OIL-FEEBIHa  BQTTIFICBNT. 

The  general  arrangement  of  the  oil  feed  to  the  tubes  is  shown  by 
figure  43,  which  is  a  sketch  of  a  furnace  and  its  connections.  The 
oil  is  pumped  to  the  supply  tanks,  which  feed  the  five  tubes  on  each 
side  of  the  furnace  and  is  forced  into  the  tubes  by  means  of  triplex 
pumps,  one  pump  being  supplied  for  each  tube. 
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The  conaection  of  the  feed  lines  with  the  top  of  the  tubea  is  shown 
in  Plate  IV.  The  oil  dehvered  to  each  tube  by  a  separate  pump 
traverses  a  pipe  line  which  is  suspended  below  the  upper  floor,  and 
thence  passes  through  a  needle  valve  into  the  top  of  the  tube.  The 
pumps  are  so  constructed  that  each  pump  can  be  calibrated  to  ^ve 
any  desired  rate  of  flow.  The  needle  vaJve,  which  is  shown  in  the 
foreground,  permits  independent  control  of  the  rate  at  which  the  oil 
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is  fed  into  the  tube,  and  enables  the  oil  supply  to  be  immediately  cut 
o£f  in  case  of  accident  happening  to  the  tube.  The  general  arrange- 
ment of  the  pumps  for  the  individual  furnaces  is  shown  by  Plate  V, 
which  gives  a  general  view  of  the  upper  floor  of  the  furnace  building. 
The  short  tubes  shown  in  the  foreground  are  metal  baskets  which 
are  suspended  in  the  top  of  the  cracking  tube  and  serve  to  spread  the 
oil  as  it  is  fed  in,  thus  facilitating  immediate  vaporization.  The 
basket  consists  merely  of  a  short  tube  with  a  perforated  cap  or  end, 
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cast  with  the  tube.    The  large  hole  in  the  end  ol  this  tube  serves  as  a 
bearing  for  the  stirring  rod. 
A  system  of  individual  pumps  for  each  tube,  which  in  the  case  of 

Preniure  relief  Yftlve 
OflUxik 


FIOUBS  43.— Biagrsm  of  farnace  conDeotlons. 


the  installation  shown  comprises  60  pumps  for  the  60  tubes,  is  expen- 
sive. There  is  no  reason  why  a  single  pump  supplying  oil  to  a  common 
header  should  not  prove  equally  satisfactory.    The  use  of  such  a 
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header  will  give  a  uniform  rate  of  feed  Lato  the  tubes  if  the  pressure 
in  the  tubes  is  automaticaUy  controlled  by  means  of  meters  placed 
in  the  supply  line.  The  installation  of  separate  pumps  was  considered 
necessary  in  order  to  have  each  tube  operated  as  a  separate  unit, 
notwithstanding  the  fact  that  10  tubes  were  incased  in  a  single 
furnace. 

In  the  system  as  installed  each  tube  may  be  regarded  as  a  separate 
unit  having  no  connection  with  the  operation  of  the  other  tubes. 
This  type  of  installation  has  enabled  the  reactions  occurring  in  the 
individual  tubes  to  be  carefully  studied  and  has  given  valuable  data 
which  it  would  be  impossible  to  obtain  if  the  products  of  all  the  tubes 
passed  into  a  single  condenser  and  if  a  common  header  were  used  for 
supplying  oil  to  all  of  the  tubes. 

The  individual  pumps  have  served  their  purpose,  but  it  is  not  recom- 
mended that  such  a  system  be  used  in  a  new  installation.  The  piping 
system  was  so  arranged  that  when  the  pressure  in  the  tube  exceeded 
the  predetermined  mark  the  oil  delivered  by  the  pump  would  be  by- 
passed back  into  the  feed  tank. 

At  first  oil  meters  for  measuring  the  supply  fed  to  each  tube  were 
not  used,  but  it  was  found  that  the  amounts  of  oil  fed  into  the  differ- 
ent tubes  varied  widely.  During  the  first  few  months  of  operation 
the  amount  of  this  variation  in  feed  was  not  known,  as  attention  was 
being  concentrated  upon  other  problems.  With  the  installation  of  a 
supply  tank  having  separate  compartments  for  the  oil  to  be  fed  to 
each  tube,  accurate  measurements  of  the  amount  fed  in  a  given  rate 
of  time  was  made  possible.  As  a  result  it  was  found  that  there  was  a 
considerable  variation  in  the  rates  of  feed.  A  typical  variation  is 
shown  by  the  following  table: 

Variation  in  rates  of  feed  to  cracking  tubes. 


Feed, 

Feed, 

Tube. 

galloDsper 

Tube. 

gallcmsper 

hour. 

hour. 

1 

12 

6 

20 

2 

30 

7 

8.6 

3 

33 

8 

10 

4 

30 

9 

14.4 

5 

10 

10 

8 

This  lack  of  uniformity  in  the  rate  of  feed  was  due  in  part  to  the 
ball  seats  of  the  pump  becoming  rough  or  dirty  and  air  bound. 
Dirt  in  the  crude  oil  can  not  well  be  eliminated.  All  oil  fed  into  the 
furnace  was  passed  through  a  fine-mesh  sieve,  but  even  this  precau- 
tion was  not  sufficient  to  prevent  the  valve  seat  from  becoming  dirty. 
Clogging  of  the  needle  valve,  with  the  resultant  by-passing  of  oil, 
was  another  cause  of  variation  in  the  rate  of  feed. 
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The  use  of  meters  has  been  adopted  in  order  to  determine  accurately 
the  amount  of  oil  passing  into  the  individual  tubes,  a  meter  being 
installed  in  each  feed  line.  It  has  been  found  that  through  the  use 
of  meters  better  control  and  regulation  of  temperature  can  be  obtained 
than  would  be  otherwise  possible,  as  the  rate  of  feed  can  be  accurately 
adjusted  to  conditions  existing  in  the  furnace.  It  is  recommended 
that  oil  meters  be  used  in  any  new  installation,  as  the  individual  cost 
of  the  meters  is  small  (approximately  $8  each)  and  the  benefits 
obtained  are  more  than  commensurate. 

APPABATT7S  FOB  KEKOVINa  DEPOSITED  CABBON. 

USE  OF  STTBBING  ROD. 

The  most  serious  problem  that  was  faced  at  the  outset  of  operations 
was  the  removal  of  carbon  formed  on  the  walls  of  the  tubes.  It  was 
realized  that  inabihty  to  dispose  of  the  carbon  had  been  the  cause  of 
the  failure  of  other  processes  involving  the  employment  of  tubes. 
The  knowledge  gained  from  the  laboratory  experiments  as  to  the 
percentage  of  carbon  deposition  made  evident  the  necessity  of  em- 
ploying some  efficient  mechanical  means  for  its  removal. 

Carbon  incrusted  on  the  tube  walls  acts  as  an  insulator  and  inter- 
feres seriously  with  the  transmission  of  heat  from  the  furnace  to  the 
vaporized  oil;  also  the  gradual  accretion  of  carbon  diminishes  the 
size  of  the  reaction  chamber  until  the  tube  becomes  entirely  choked, 
which  necessitates  shutting  down  the  furnace  to  remove  the  deposit. 
It  is  beUeved  by  the  authors  that  in  any  process  for  transforming 
petroleum  mto  aromatic  hydrocarbons  in  commercial  quantities  by 
the  action  of  heat  considerable  quantities  of  carbon  will  necessarily 
be  deposited. 

The  use  of  cracking  chambers  of  so  large  an  internal  diameter  as 
8  inches  introduces  another  factor  which  makes  it  desirable  to  use 
stirrers.  In  order  to  heat  gases  in  the  axis  of  an  8-inch  cylinder  to  any 
desired  temperature  a  considerably  higher  temperature  must  be  main- 
tained at  the  periphery  of  the  cylinder.  One  of  the  advantages  of  the 
use  of  the  stirring  rod  is,  therefore,  that  it  makes  the  cracking  cham- 
ber annular.  Also  the  stirring  action  of  the  rods  and  chains  tends  to 
promote  transverse  circulation  of  the  gases,  which  helps  to  equalize 
the  temperatures. 

CONSTBUCTION  OP  STIRRING  RODS. 

The  use  of  stirring  rods  was  decided  on  after  careful  weighing  of  the 
probable  advantages  of  a  number  of  possible  devices.  The  construc- 
tion of  the  rod  is  shown  by  Plate  VI,  A.    It  will  be  observed  that  the 
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chains  are  arranged  spirally  around  the  rod  and  are  so  spaced  that 
they  will  scrape  the  entire  periphery  of  the  tube  where  the  cracking 
takes  place  and  carbon  is  deposited.  The  chains  are  thrown  out 
by  centrifugal  force  as  the  rod  is  rotated,  so  that  the  links  strike  the 
inner  wall  of  the  tube  with  considerable  force. 

The  arrangement  of  the  stirring  rod  in  the  tube,  and  the  manner  of 
its  operation,  are  shown  by  figure  44.  The  lower  end  of  the  rod  is 
letachably  connected  to  a  vertical  shaft  that  extends  upward  through 
a  stuffing  box  in  the  bottom  of  the  tar  neck  and  has  its  lower  end 
keyed  in  a  bevel  pinion  which  intermeshes  with  the  corresponding 
pinion  on  a  short  horizontal  shaft  driven  by  a  chain  from  below. 
The  entire  series  of  carbon  stirrers  in  a  single  furnace  is  operated  by 
a  motor-driven  line  shaft,  which  is  so  arranged  that  the  stirring  rods 
on  one  side  of  the  furnace  revolve  in  one  direction  while  those  on  the 
opposite  side  rotate  in  the  reverse  direction.  Clutches  are  attached 
to  each  short  horizontal  shaft,  so  that  any  number  of  stirring  rods 
can  be  thrown  otit  of  gear  while  the  others  are  being  rotated. 

The  general  arrangement  of  the  stirring  rod  drive  is  clearly  shown 
in  Plate  VII,  A.  It  is  apparent  that  if  the  rods  are  continuously 
rotated  in  a  given  direction  no  means  is  afforded  for  cleaning  the  rod 
and  the  chains  attached  thereto,  so  that  carbon  will  collect  until  the 
accumulation  extends  to  the  wall  of  the  tube.  The  presence  of  car- 
bon on  the  surface  of  the  rods  and  on  the  chain  itself  does  not,  how- 
ever, interfere  with  the  operation  of  the  apparatus  until  the  amount 
becomes  sufficient  to  impede  the  movement  of  gases  through  the 
chamber.  When  this  point  is  reached,  the  flow  of  oil  into  the  tube 
must  be  stopped  and  the  rod  removed  and  cleaned. 

Much  more  trouble  was  experienced  with  this  building  up  of  carbon 
on  the  stirring  rod  during  the  early  stages  of  the  experimental  work 
when  the  crude  oil  was  being  used  than  has  occurred  in  recent  oper- 
ations in  which  distillate  oil  was  used.  An  idea  of  the  character  of 
the  carbon  formation  upon  the  rods  during  the  early  stages  of  oper- 
ations may  be  gained  from  Plate  VI,  B,  showing  the  condition  of  a 
rod  after  operation  in  the  furnace  for  a  number  of  days. 

After  the  rod  has  been  cleaned  of  carbon  by  means  of  air  hammers 
or  any  similar  device  it  can  be  replaced  in  the  tube  and  used  again. 
With  tihe  use  of  the  distillate  oil  and  the  decreased  temperatures  and 
pressures  at  which  the  later  experiments  have  been  conducted,  the 
period  of  operation  of  the  rod  in  the  tube  has  been  materially  length- 
ened. At  the  outset  a  rod  could  be  operated  only  10  to  24  hours, 
when  the  amount  of  carbon  deposition  would  compel  its  removal. 
It  has  been  found  possible  to  increase  the  length  of  service  to  any- 
where from  7  to  10  days,  with  occasional  runs  of  even  longer  duration. 
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OPERATION   OF  STIBBING  BODS. 

One  of  the  chief  causes  of  the  rapid  deposition  of  carbon  on  the 
stirring  rod  has  been  the  fact  that  when  the  10  rods  were  aJl  operated 
at  the  same  time  such  a  synchronous  vibration  or  rocking  of  the  fur- 
nace was  set  up  that  continuous  operation  of  all  the  rods  was  not 
safe.  Accordingly,  for  a  number  of  months,  only  one  of  the  rods  in 
a  furnace  was  operated  at  a  time.  It  was  the  practice  to  rotate  an 
individual  rod  for  2  minutes,  stop  it,  and  proceed  to  rotate  the  next 
rod.  In  this  way  each  rod  was  only  operated  2  minutes  out  of 
every  20  during  the  run.  The  advantages  of  the  stirrer  were  thus 
largely  minimized,  as  the  carbon  had  an  excellent  opportunity  to 
build  up  during  the  period  that  rotation  was  suspended. 

The  reduction  in  length  of  rods  previously  mentioned  and  rotating 
of  the  rods  on  each  side  of  the  furnace  in  opposite  directions  have 
tended  to  relieve  this  trouble.  Continued  rotation  of  a  rod  in  a 
given  direction,  however,  does  not  give  the  fuU  advantage  possible 
with  the  chain  construction,  as  the  centrifugal  force  imparted  by 
continued  rotation  holds  each  chain  practically  rigid,  thus  making  it 
entirely  similar  in  action  to  a  knife  or  scraper. 

After  continued  observation  and  experimentation  had  shown  that 
imidirectional  rotation  of  the  rods  was  not  giving  satisfactory  results, 
a  reversible  motor  was  installed  for  a  single  battery  of  10  rods.  This 
motor  was  so  arranged  that  it  would  automatically  reverse  after  a 
given  number  of  revolutions,  or  it  could  be  reversed  by  hand.  The 
greater  strain  exerted  on  the  rod  by  this  reversible  motion  naturally 
required  a  stronger  shaft  than  that  which  was  previously  used. 

The  theoretical  advantage  of  reversible  rotation  is  that  it  is  best 
calculated  to  take  full  advantage  of  the  chain  construction  of  the 
wipers,  causing  them  to  be  thrown  with  considerable  force  against 
each  other  and  against  the  shaft  of  the  rod  itself,  thus  having  a 
tendency  to  throw  or  shake  off  the  carbon  which  may  have  formed 
there,  and  may  not  have  been  too  firmly  encrusted  for  removal  in  this 
manner.  This  advantage  has  not  been  manifested  in  operation,  so 
that  the  reversible  action  has  been  abandoned,  and  all  rods  are  now 
operated  in  one  direction. 

Various  other  types  of  mechanical  carbon  removers  have  been 
considered,  including  a  plunger  head  to  be  periodically  forced  down 
through  the  tube.  The  design  for  such  a  plunger  cleaner  has  been 
worked  out,  but  the  satisfactory  operation  of  the  stirring  rods  has 
caused  experiments  with  the  plunger-type  cleaner  to  be  deferred. 

It  is  considered  that  the  carbon  troubles  in  the  early  stages  of  the 
experimental  work  were  largely  caused  by  the  variable  furnace  heats 
which  characterized  operations  at  that  time,  and  which,  to  a  lesser 
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degree,  still  continue.  With  still  further  improvement  in  the  regular 
tion  of  heatmg  it  is  believed  that  wiping  chains  wiU  prove  absolutely 
satisfactory,  as  even  under  adverse  conditions  they  operate  wiih  a 
considerable  degree  of  efficiency. 

The  chains  originally  used  were  too  light  for  the  most  satisfactory 
results  and  heavier  chains  are  being  installed.  The  chains  are 
readily  obtainable  in  the  market  and  their  attachment  or  removal 
is  a  simple  matter.  Experience  with  the  single-tube  furnaces  has 
shown  that  imder  proper  operating  conditions  stirring  rods  will  last 
for  an  indefinite  period.  The  initial  cost  of  these  rods,  including  the 
chains,  is  about  $50  each. 

In  the  multiple-tube  furnaces,  especially  during  the  periods  when 
excessive  heating  occurred  so  frequently,  the  rods  occasionally  mani- 
fested a  tendency  to  soften  and  buckle.  This  difficulty,  however, 
has  been  totally  absent  in  the  oase  of  unit-tube  construction. 

GENERAL   CONCLUSIONS   CONCERNING   CARBON  REMOVAL. 

The  use  of  a  rotating  rod  with  wiping  chains  attached  has  demon- 
strated that  it  will  keep  the  walls  of  the  tubes  free  from  carbon. 
With  the  improvements  in  the  construction  of  this  rod  which  experi- 
ence has  shown  to  be  advisable,  and  with  uniform  heat  control,  it  is 
believed  that  this  type  of  cleaner  can  be  used  with  satisfactory 
results.  The  great  objection,  however,  to  any  cleaning  device  which 
is  permanently  retained  in  the  cracking  chamber  is  the  fact  that 
although  it  can  be  made  to  clean  the  walls  of  the  tube  there  are  no 
means  for  cleaning  it.  It  is  only  a  question  of  time,  therefore,  which 
in  this  case  means  days,  before  the  amount  of  carbon  built  up  is  such 
as  to  necessitate  the  removal  and  cleaning  of  the  device.  Therefore, 
from  a  purely  mechanical  standpoint,  a  type  of  cleaner  which  is  not 
to  be  permanently  retained  in  the  reaction  chamber  would  be  more 
satisfactory,  if  it  cleaned  the  walls  of  the  chamber  equally  weU.  It 
is  entirely  possible  that  a  type  of  plunger  cleaner  will  be  found  to 
accomplish  this  result  and  obviate  the  fundamental  objection  to  the 
use  of  any  intermittent  cleaning  device,  which  is  the  difficulty  in 
obtaining  a  continuous  oil  feed  and  maintaining  uniform  conditions 
of  operation.  But  a  plunger  cleaner  head  would  be  more  costly' to 
install  and  would  necessitate  detachment  whenever  a  tube  was  to  be 
removed  or  its  condition  examined.  Likewise  the  advantages  that 
accrue  from  throwing  the  gases  against  the  walls  of  the  tube  would, 
of  course,  be  largely  lost  with  plimgers. 

CARBON   POTS  AND  TAR  NECKS. 

The  tar  neck,  so-called,  is  shown  in  figure  44.  It  is  attached  to 
the  bottom  of  the  tube  by  a  flanged  head,  which  is  bolted  to  the 
corresponding  flange  attached  to  the  tube.    The  fixed  and  the  con- 


DESCRIPTION  OF  AETNA  PLANT  AS  FINALLY  CONSTRUCTED.     177 

densable  gases,  and  the  carbon  which  has  been  removed  from  the 
walls  of  the  tube  by  the  mechanical  stirrer,  pass  downward  into  the 
tar  neck  or  chamber. 

A  baffle  wall  or  curtain  in  the  upper  part  of  the  chamber  around 
and  below  which  the  gases  must  pass,  in  order  to  enter  the  vapor  line 
leading  to  the  condenser,  tends  to  prevent  a  large  percentage  of  free 
carbon  from  being  mechanically  carried  over  with  the  gases  into  the 
condenser.  The  greater  specific  gravity  of  the  carbon  and  pitch 
causes,  them  to  settle  rapidly  to  the  bottom  of  the  chamber. 

A  fan  is  attached  to  the  vertical  shaft  which  engages  with-  the 
stirring  rod,  and  is  continuously  rotated  during  the  progress  of  a  run 
in  order  to  keep  the  stirring-rod  bearings  from  being  clogged.  The 
action  of  the  fan  has  a  shght  tendency  also  to  draw  the  gases  down 
from  the  reaction  chamber  and  into  the  tar  neck.  The  gases,  how- 
ever, being  Ughter  than  the  heavy  pitch  and  carbon  formed,  will  rise 
and  pass  out  through  the  vapor  hne,  leaving  the  heavy  tars  and 
carbon  behind. 

The  lower  end  of  this  chamber  is  connected  to  what  is  termed  the 
carbon  pot  or  carbon  receptacle  (see  PL  VII,  B),  which  is  provided 
with  a  discharge  spout  or  neck  with  a  removable  cover.  Interme- 
diate between  the  carbon  pot  and  tar  neck  an  8-inch  gate  valve  is 
placed,  so  that  the  desired  pressure  can  be  maintained  in  the  tube 
proper  while  the  carbon  and  heavy  tars  are  being  removed  from  the 
receptacle. 

The  carbon  pot  is  set  on  a  concrete  base  2  feet  4  inches  high.  The 
receptacle  itself  is  2  feet  11  inches  high.  The  interior  of  the  pot 
measures  about  7^  cubic  feet  and  has  a  capacity  equivalent  to  the 
amount  of  carbon  formed  during  a  run  of  five  to  six  hours  duration 
where  crude  oil  is  used.  The  capacity  is  greatly  increased  if  a  dis- 
tillate is  employed,  as  the  heavy  pitch  and  residuum  of  crude  oil  is  a 
prolific  source  of  carbon. 

A  larger  carbon  pot  with  a  capacity  of  two  to  three  times  that  of 
the  carbon  pot  shown  in  Plate  VII,  B,  has  recently  been  installed  on 
several  of  the  furnaces  and  has  made  possible  runs  of  correspondingly 
greater  duration.  The  general  construction  of  the  larger  pot,  which 
is  essentially  the  same  as  that  of  the  one  herein  described,  is  shown 
in  Plate  II,  B.  In  ,the  upper  part  of  both  illustrations  will  be  seen 
the  flange  connection  with  the  bottom  of  the  tube.  The  position  of 
the  gate  valve  is  likewise  shown. 

Carbon  receptacles  such  as  those  here  depicted  have  the  disadvan- 
tage of  limited  capacity.  It  has  been  the  practice  to  release  the 
pressure  from  the  tube  and  to  suspend  operations  while  the  carbon 
and  pitch  were  being  removed  from  the  carbon  receptacle.  The 
duration  of  the  run  was  fixed  accordingly  by  the  capacity  of  the  carbon 
pot. 
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Although  the  gate  valve  is  so  designed  as  to  permit  the  removal  of 
carbon  while  oil  is  being  cracked,  it  was  considered  desirable,  while 
the  experiments  were  in  progress,  to  release  the  system  from  pres- 
sure and  to  ascertain  that  the  tar  neck  and  bottom  of  the  tube  had 
not  become  clogged  with  carbon  or  pitch. 

Each  carbon  pot  is  provided  with  a  pressure  release  valve,  so  that 
the  gas  which  may  have  acciunulated  in  the  pot  can  be  released  be- 
fore the  flange  head  is  removed.  These  pots  were  made  tmusually 
massive  at  the  outset  because  of  the  desire  to  have  no  delay  in  opera- 
tions due  to  failure  of  any  part  of  the  apparatus  to  withstand  high 
pressure. 

CONCLUSIONS  AS  TO  CARBON  POTS. 

The  results  of  the  large-scale  operations  have  shown  that  such  mas- 
sive equipment  is  not  essential.  However,  this  fact  could  not  be 
predetermined,  and  it  is  to  the  credit  of  those  responsible  for  the  in- 
stallation that  safety  has  been  the  first  consideration  throughout  the 
entire  process  of  development. 

The  change  in  the  character  of  carbon  formed  in  the  tube  from  a 
dense  hard  coke  to  a  soft  flaky  carbon,  or  a  heavy  viscous  tar,  has 
also  tended  to  make  the  use  of  large  castings  unnecessary  in  the 
future.  If  a  clean  oil  is  used,  such  as  the  distillate  to  which  frequent 
reference  has  been  made,  there  is  every  reason  to  believe  that  in  place 
of  individual  carbon  receptacles  the  tar  and  carbon  can  be  run  from 
the  tar  neck  direct  into  a  common  header  and  discharged  from  there 
into  a  suitable  receiving  tank.  In  fact,  provision  to  this  end  is  now 
being  made  at  the  development  plant.  If  the  residuum  of  recovered 
oil  above  the  175°  C.  cut,  or  the  liquid  product  from  the  condenser,  is 
pmnped  through  a  suitable  opening  in  the  tar  neck,  there  should  be  no 
difficulty  in  causing  the  carbon  and  pitch  to  flow  freely  through  the 
header.     The  oil  so  used  can  be  recovered  readily. 

The  character  of  the  carbon  formed  in  the  process  is  illustrated  in 
Plate  Vni,  A,  The  soft  flaky  carbon  is  the  kind  that  is  formed  when 
proper  tube  temperatures  are  maintained  throughout  a  run  on  Okla- 
homa crude  oil.  This  soft  carbon  is  usually  accompanied  by  a  heavy- 
tar  sludge,  which  is  not  generally  as  viscous  as  that  shown  in  the 
illustration.  Coke  is  formed  when  excessive  furnace  heating  occurs. 
With  careful  regulation  of  burners  very  little  of  this  coke  will  be  pro- 
duced. The  carbon  constitutes  a  valuable  by-product  and  is  adapted 
to  a  wide  variety  of  industrial  uses.  It  is  worth  from  1  cent  per  poimd 
upward,  depending  on  its  condition  and  relative  freedom  from  me- 
tallic oxides. 

CONDENSERS. 

At  the  outset  of  the  experiments  it  was  felt  desirable,  as  previously 
mentioned,  to  have  each  tube  operated  as  a  separate  imit,  thus  mak- 
ing it  a  complete  system  in  itself.    This  necessitated  the  use  of  an 
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individual  condenser  for  each  tabe.  If  this  plan  had  not  been  fol- 
lowed a  study  of  the  conveTsion  results  in  the  separate  tubes  of  a 
single  furnace  would  have  been  out  of  the  question. 

In  all  new  processes  a  great  deal  of  the  equipment  considered  neces- 
sary at  the  outset  can  be  dispensed  with  subsequently.  This  is  the 
case  with  the  individual  condensers.  Experience  has  shown  that  the 
gaseous  products  of  the  reaction  can  be  discharged  through  the  vapor 
line  connected  with  each 
tube  into  a  common 
header,  and  thence  be 
passed  to  a  multiple-coil 
condenser  such  as  is  in 
common  use  in  oil  refiner- 
ies. It  would  have  been 
neither  safe  nor  wise  to 
have  adopted  this  system ' 
at  the  beginning,  and  con- 
sequently the  expense  in- 
volved in  the  installation 
of  60  separate  condensers 
was  made  necessary.  The 
fact  that  the  condensers 
were  in  place  has  led  to 
their  continuous  use.  It 
is  now  proposed,  as  has 
been  stated,  to  pass  the 
gases  through  these  con- 
densers so  as  to  get  such 
cooling  effect  as  the  con- 
densers will  give,  and  then 
through  a  common  header 
into  a  multiple-coil  con- 
denser. The  fixed  gases 
and    vapors    leavinf;   the 

,  -11     1  I  FiCVBE  IS.— Details  ot  condenser  coDSlroctioD. 

condenser  will    be  passed 

through  a  gas  scrubber,  after  which  the  gases  may  be  released  into 
the  open  air  or  bo  carried  to  a  gas  holder,  whence  they  can  be  drawn 
upon  as  required  for  fuel  in  the  ftunaces. 

DETAILS  OP  CONDENSER  CON8TEUCTION. 

The  arrangement  of  these  condensers  in  the  furnace  building  is 
shown  by  Plate  VTII,  B.  The  details  of  construction  of  the  con- 
densers are  given  in  figure  45. 

The  gases  are  carried  to  the  condenser  through  a  3-inch  pipe  some 
12  feet  in  length.    A  receptacle  termed  the  primary  separator  is  con- 
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nected  with  the  vapor  line,  in  which  the  more  readily  condensable 
liquids  are  collected.  The  gases  which  remain  uncondensed  at  this 
point  pass  upward  through  a  3-inch  U-shaped  iron  pipe  into  a  twin 
water-cooled  condenser  consisting  of  3-inch  copper  pipes  incased  in 
iron  pipes  through  which  water  is  continually  circulated.  The  liquids 
which  are  condensed  pass  by  gravity  into  what  is  called  the  secondary 
separator.  The  fixed  and  uncondensed  gases  are  dischai^ed  into  a 
gas  header  on  the  upper  floor  of  the  furnace  building  by  means  of  a 
1^-inch  pipe  whenever  the  pressure  on  the  system  exceeds  the  pre- 
determined pressure.  The  primary  separator  is  8f  inches  in  diameter 
by  3  feet  4  inches  in  height.  The  secondary  separator  is  lOf  inches 
in  diameter  by  5  feet  6f  inches  in  height.  These  separators  hold  as 
much  liquid  as  will  be  condensed  during  a  run  of  the  duration  per- 
mitted by  the  capacity  of  the  carbon  receptacle.  The  twin  water- 
cooled  condensers  are  approximately  7  feet  10  inches  in  height  and 
have  an  internal-wall  area  of  approximately  10  square  feet. 

FATAL  ACCIDENT  DUE   TO    TAP  PINO    CONDENSERS   WHILE  UNDER 

PRESSURE. 

m 

In  the  operation  of  the  plant  it  has  been  the  practice  to  keep  the 
liquid  products  from  the  various  tubes  separate  until  after  suitable 
laboratory  tests  and  determinations  were  made,  after  which  the  com- 
bined products  were  discharged  into  a  header  and  pumped  to  the 
storage  tank  to  await  distillation.  In  order  to  tap  the  condensers 
with  safety,  in  view  of  the  pressure  on  the  system,  ranging  from  150 
poimds  to  250  pounds  per  square  inch,  it  has  been  the  custom  to 
release  the  pressure  before  opening  the  cadmium  valves  for  the  dis- 
charge of  the  liquid.  Explicit  instructions  were  given  from  the 
beginning  of  operations  for  the  observance  of  this  precaution.  The 
one  time  when  orders  were  not  followed  and  the  separators  tapped 
while  the  system  was  under  pressure  resulted  in  an  accident  fatal  to 
five  of  the  company's  employees.  The  uncondensed  gases  were 
expelled  under  high  pressure  from  the  condenser,  and  immediately 
caught  fire,  thus  igniting  the  oil-spattered  clothing  of  the  men. 
While  this  accident  was  most  deplorable,  such  accidents  may  happen 
in  any  industrial  establishment  when  prescribed  safety  precautions 
are  not  followed,  and  is  in  no  wise  to  be  attributed  to  any  inherent 
danger  in  the  use  of  the  process  itself. 

INADEQUACY  OF  CONDENSER  INSTALLATION. 

The  inefficiency  of  the  condensers,  which  led  to  the  installation  of 
a  large-size  condenser  and  gas  scrubber,  is  shown  by  the  amount  of 
aromatic  hydrocarbons  in  the  oil  immediately  on  leaving  the  con- 
denser and  the  amount  in  the  same  oil  after  it  had  been  exposed  to 
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the  air  in  open  barrels,  in  which  it  was  customary  to  store  it  tempo- 
rarily. It  was  found  that  between  30  and  50  per  cent  of  the  low- 
boiling  aromatic  hydrocarbons  formed  in  the  tube  had  evaporated 
while  the  oil  was  allowed  to  stand  in  contact  with  the  air.  The  sig- 
nificance of  this  loss  has  been  shown  in  the  discussion  of  the  data 
contained  in  Table  57.  Some  liquid  was  mechanically  carried  over 
by  the  gases  and  did  not  condense  in  the  individual  condensers. 

The  volume  of  gas  formed  in  the  cracking  process  is  so  great  that 
a  very  considerable  percentage  of  both  light  and  heavy  oils  is  mechan- 
ically carried  over  and  does  not  yield  readily  to  condensation.  Traps 
were  placed  in  the  gas  line,  into  which  the  imcondensed  gases  were 
dischaiged,  and  analyses  have  been  made  for  a  nimiber  of  different 
runs.  It  was  foimd  on  distillation  from  the  traps  that  50  to  60 
per  cent  boiled  over  below  175**  C,  in  which  cut  the  benzene  content 
ranged  from  5  to  21  per  cent  and  the  toluene  content  from  8  to  25 
per  cent. 

In  the  effort  to  further  determine  the  amount  of  products  whioh 
had  been  lost  in  this  maimer,  the  gas  issuing  from  the  header  was 
passed  through  a  scrubber  with  the  result  that  lai^e  percentages* of 
benzene  and  toluene  were  recovered.  These  losses,  it  wiU  be  observed, 
are  in  addition  to  the  losses  by  evaporation  from  the  recovered  oil 
taken  from  the  separators. 

A  table  showing  the  percentages  of  benzene  and  toluene  in  the 
so-called  header  oil  is  inserted  for  the  purpose  of  showing  the  extent 
of  the  losses  which  resulted  during  the  time  covered  by  this  publica- 
tion and  of  indicating  clearly  the  need  of  adequate  condensing  and 
scrubbing  apparatus. 

Benzene  and  toluene  in  header  oil. 


Percentage 
of  oil  dis- 
tilling up 
to  176^  C. 

Specific 

gravity  of 

distillation 

cut. 

Percentage 

of  benxene 

in  header 

oil  cut  to 

175'  C. 

Percentage 

of  toluene 

in  header 

oil  cut  to 

175*  C. 

72 

0.844 

8.9 

12.0 

03 

.860 

21.0 

25.0 

66 

.890 

8.9 

13.2 

68 

.838 

11.0 

16.0 

49 

.842 

5.4 

8.8 

49 

.868 

7.8 

10.8 

60 

.865 

10.8 

14.4 

53 

.870 

9.0 

12.2 

It  will  hardly  be  credited,  perhaps,  that  operations  were  permitted 
to  continue  for  such  a  length  of  time  without  making  suitable  pro- 
vision for  the  complete  condensation  and  separation  of  the  liquid 
products  from  the  permanent  gases.  The  chief  factor  in  this  situa- 
tion was  the  continued  desire  to  study  the  results  accomplished  by 
the  individual  tubes,  which  would  not  have  been  possible  had  the 
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general  condenBing  system  been  in  use.  The  continued  variation  in 
furnace  heats  made  this  study  necessary  in  order  that  the  furnace 
operators  might  be  informed  as  to  the  temperature  required  for  the 
most  satisfactory  general  results. 

CONCLUSIONS  REGABDINO  CONDENSERS. 

In  any  new  installation  for  the  employment  of  this  process, 
provision  should  be  made  for  a  condenser  of  the  same  tjrpe  as  that 
used  in  oil  refineries.  With  the  benzene-toluene  process,  the  conden- 
sation problem  is,  however,  markedly  different  from  that  of  the 
refinery  where  all  the  vapors  coming  from  the  still  are  condensible, 
as  in  making  benzene  and  toluene  considerable  volumes  of  fixed  or 
noncondensible  gases  are  generated.  In  general  a  condensing  area 
of  approximately  2 J  feet  for  each  barrel  of  original  oil  used  per  day 
wiU  be  found  satisfactory  if  a  gas  scrubber  is  operated  in  connection 
therewith.  This  gas  scrubber  can  be  modeled  after  the  benzene 
scrubbing  towers  in  by-product  coke-oven  plants,  or  may  consist 
merely  of  a  large  tank  filled  with  a  heavy  oil  through  which  the  gases 
are  bubbled.  This  tank  should  be  so  inclosed  that  the  fixed  gases 
can  be  conducted  to  a  gas  holder  for  the  purpose  of  supplying  fuel 
for  the  furnaces,  if  desired.  In  by-product  coke-oven  practice  the 
introduction  of  back  pressure  by  forcing  gas  through  a  body  of  oil 
would  seriously  affect  the  coking  products,  whereas  in  the  process 
herein  described  there  is  sufficient  direct  pressure  to  work  against 
any  desired  head  of  oil. 

GENERAL  DESCRIPTION  OF  CRACKING  SYSTEM  IN  COMMERCIAL 

PLANT. 

The  cracking  system,  both  in  the  benzene-toluene  and  gasoline 
processes,  is  a  closed  one.  Pressure  is  maintained  throughout  the 
entire  system  while  operations  are  being  carried  on.  The  component 
parts  of  the  system  are  shown  in  figure  43,  in  which  the  various  parts 
are  labeled. 

The  oil  is  delivered  by  the  pump  through  the  feed  line  passing 
imder  the  upper  floor,  and  is  carried  into  the  tops  of  the  tubes  at  a 
predetermined  rate  of  feed.  In  the  benzene-toluene  process  the  rate 
of  feed  is  approximately  15  gallons  per  tube  per  hour.  This  rate 
would  be  more  than  doubled  in  the  gasoline  process  for  tubes  of  the 
same  size.  Only  a  very  small  quantity  of  oil  is  present  in  the  tube 
in  a  gaseous  form  in  a  given  period  of  time,  as  a  rate  of  15  gallons 
per  hour  is  equivalent  to  the  delivery  of  only  1  quart  of  oil  per 
minute.  If  the  oil  is  preheated,  a  much  higher  rate  of  feed  can  be 
attained  in  both  processes. 
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The  oil,  upon  entering  the  top  of  the  tube,  is  spread  out  over  the 
surface  of  the  basket,  which  consists  of  a  cast-iron  pipe  with  a  per- 
forated top.  In  the  laboratory  experiments  a  basket  filled  with  steel 
balls  was  used.  These  balls  were  also  used  in  the  furnace  containing 
a  battery  of  ten  4i-inch  tubes.  It  was  found,  however,  that  the 
same  results  could  be  obtaiaed  by  dispensiQg  with  the  obstructing 
material  and  using  a  spreader  of  the  type  mentioned. 

The  pumps  are  so  set  as  to  deliver  the  oil  xmder  a  pressure  greater 
than  that  in  the  tubes,  so  that  no  difficulty  is  experienced  in  causing 
the  oil  to  flow  into  the  tubes  regardless  of  the  pressure  employed. 
The  hydrocarbon  material  fed  in  is  flashed  or  instantaneously  trans- 
formed into  a  gaseous  condition  and  passes  downward  through  what 
is  termed  the  *' cracking  zone"  of  the  tube  proper,  where  a  tempera^- 
ture  is  maintained  higher  than  that  in  the  gasification  zone.  It  is  in 
this  part  of  the  container  that  the  heavy  hydrocarbons  are  broken 
up  under  the  influence  of  temperature  and  pressure  and  in  the  pres- 
ence of  hydrogen  and  fixed  hydrocarbon  gases.  Most  of  the  crack- 
ing occurs  in  this  zone,  although  there  may  be  some  cracking  imme- 
diately below  the  point  of  gasification.  Although  not  absolutely 
necessary,  it  has  been  f oimd  preferable  to  effect  gasification  at  a  point 
above  the  cracking  zone. 

The  condensible  gases,  which  are  the  desired  conversion  products, 
pass  out  of  the  tube  through  the  tar  neck  and  enter  the  vapor  line 
leading  to  the  condenser.  The  gases  which  remain  uncondensed 
ascend  through  the  gas  line  connected  with  the  top  of  the  secondary 
separator  and  are  dischai^ed  through  pressure  release  valves  either 
into  the  open  air  or  into  the  gas  header.  The  release  valve  discharg- 
ing iQto  the  open  air  is  used  so  that  in  case  of  any  difficulty  arising  the 
pressure  can  be  released  in  the  minimum  space  of  time. 

Plate  IX  shows  the  laboratory  at  the  development  plant,  including 
the  distillation  apparatus  used  in  analyzing  cracked  oil. 

OILS  SUITABLE  FOB  USE  IN  THE  PBOCESS. 

In  the  course  of  the  experiments  a  large  number  of  petroleum  oils 
have  been  used,  ranging  in  character  from  crude  oils  to  gas  oils  and 
cylinder  stocks.  It  was  found,  as  was  the  case  in  the  laboratory 
experiments,  that  the  reactions  desired  were  in  no  wise  dependent  on 
the  character  of  oil  used  and  that  the  conditions  of  operation  were  of 
more  consequence  than  was  the  physical  or  chemical  nature  of  the 
initial  material. 

The  process,  however,  is  not  limited  to  the  use  of  petroleum  prod- 
ucts, but  can  be  efficiently  operated  on  liquid  hydrocarbon  material 
derived  from  any  source.    Solvent  naphthas,  and  light  oil  distillates 
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from  water-gas  tars  and  coal  tar  have  been  successfully  used.  These 
light  oils  and  solvent  naphthas  are  extremely  favorable  for  use  in  the 
process  as  yields  two  to  three  times  larger  than  those  obtainable  from 
petroleum  products  can  be  had  in  a  single  operation.  The  petroleum 
oils,  however,  give  a  wider  range  of  by-products.  This  fact,  together 
with  their  greater  availability,  as  well  as  lower  cost,  probably  renders 
them  most  suitable  for  use.  Wherever  supplies  of  the  distillates  from 
coal  or  water-gas  tar  are  available  in  quantity,  they  are  a  most  pro- 
lific source  of  benzene  and  toluene.  If  such  distillates  were  procur- 
able in  the  open  market  their  use  would  be  highly  profitable  at  a 
time  like  the  present  (1915),  when  both  benzene  and  toluene  are 
commanding  heretofore  unheard-of  prices. 

The  great  advantage  in  the  use  of  light-oil  distillates  from  coal  and 
water^as  tars,  aside  from  the  greater  yields  obtainable,  is  the  fact 
that  diminished  pressure  can  be  used.  Vacuum  or  atmospheric 
pressure  has  been  shown  to  give  results  as  favorable  with  these  oils 
as  higher  pressures.  This  is  evidenced  by  a  study  of  Table  64  fol- 
lowing, which  shows  the  results  of  solvent  naphtha  tests  in  a  6-incli 
by  9-foot  tube.  The  values  reported  here  are  on  the  basis  of  the 
percentage  change  in  the  distillation  cuts  and  not  on  the  basis  of 
the  total  percentage  of  benzene  and  toluene  formed. 

These  solvent  naphtha  runs  were  made  primarily  with  a  view  to 
determining  the  percentage  of  toluene  that  could  be  obtained,  because 
of  the  greater  demand  for  that  product.  Although  the  results 
obtained  are  not  of  a  uniform  character,  owing  to  variations  in  rate 
of  feed,  temperature,  and  pressure,  the  effect  of  changing  temperature 
and  pressure  is  clearly  brought  out  by  a  study  of  the  differences  in 
the  cuts  with  the  changes  in  these  control  factors.  At  600^  C.  and 
atmospheric  pressure  and  a  rate  of  feed  of  12  gallons  per  hour  a  10 
per  cent  increase  in  the  cut  between  100°  and  120®  C.  was  obtained, 
whereas  with  the  same  temperature  and  approximately  the  same 
rate  of  feed  and  a  pressure  of  250  pounds  the  percentage  of  change 
was  more  than  doubled.  At  the  same  time  the  percentage  of  oil 
recovered  dropped  from  92  per  cent  to  58  per  cent.  This  loss  coun- 
terbalances the  increase  in  yield  of  toluene.  At  a  temperature  of 
750°  C.  it  will  be  noted  that  in  the  toluene  cut  (100°-120°  C.)  the 
percentage  of  increase  shows  a  decided  falling  off,  whereas  the  cut 
up  to  100°  C.  increased,  indicating  the  imdesirability  of  the  higher 
temperature  for  maximum  conversion  into  toluene. 

These  experiments  clearly  establish  the  fact  that  solvent  naphtha 
is  a  desirable  material  for  converting  into  toluene  on  account  of  the 
high  percentage  of  xylene  and  cymene,  which  readily  degrade  into 
toluene.    Table  63,  showing  the  results  of  the  experiments,  follows. 
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Table  63. — Benzene  arid  toluene  formed  from  cracking  solvent  naphtha  in  9ingle4ube 
fvrruue  {tube  6  inches  in  diameter  and  9  feet  long)  at  varying  presnares,  temperatiarea, 
and  rates  of  oUfeed.f^ 


Results  of  distillation  on  basis  of 

Pres- 

Rata 

Per- 

original  oil. 

Nam- 
Ikf  nf 

sure, 

Tem- 

ofoU 

cent- 

Oil 

Oil  recovered  at 

Oil  recovered  at 

pounds 

pera- 

feed, 

^« 

recov- 

100* to  120*  C. 

120*  to  160'  C. 

runs. 

per 
square 

ture, 

•c. 

gallons 
per 

ofoO 
recov- 

ered 
atO* 

1 

inch. 

hour. 

ered. 

to 

100"  C, 

Per 

Specific 

Per 

Spedflc 

per 

cent. 

gravity. 

cent. 

gravity. 

cent. 

1 

Atmos* 
ptaerJo. 

650 

13 

100 

2.2 

4.7 

68L7 

a860 

...do... 

660 

20 

«   02 

L8 

4.6 

67.5 

.856 

...do... 

600 

9 

75 

.7 

14.2 

0.886'" 

41.3 

.877 

...do... 

600 

12 

100 

2.5 

lao 

.850 

69.0 

.858 

...do... 

600 

18 

02 

1.4 

12.0 

.800 

6ao 

.869 

...do... 

650 

13 

80 

1.6 

ia4 

.867 

40.2 

.870 

...do... 

700 

10 

83 

2.0 

0.9 

.863 

52.0 

.865 

...do... 

700 

13 

60 

2.1 

14.0 

.863 

36.5 

.862 

...do... 

750 

14 

21 

1.4 

2.6 

.868 

7.6 

.866 

250 

660 

7 

83 

1.8 

6w6 

.804 

68.6 

.876 

250 

660 

14 

83 

1.6 

8.7 

.866 

64.5 

.868 

250 

600 

14 

68 

2.4 

22.4 

.880 

21.0 

.877 

250 

600 

20 

67 

.6 

3.2 

46.5 

.876 

260 

650 

8 

46 

LO 

17.3 

"■.873  ' 

17.7 

.880 

250 

650 

14 

•  67 

4.5 

18.1 

•  866 

28.5 

.866 

260 

650 

17 

50 

L5 

12.5 

.864 

23.5 

.864 

260 

660 

21 

58 

3.5 

12.6 

.874 

26.5 

.868 

250 

700 

24 

96 

23.0 

.865 

o  Results  low,  due  to  insufficient  condensation. 

DISTILLATION  ANALYSIS  OF  SOLVENT  NAPHTHA  USED. 

[Specific  gravity,  0.868.] 


Tempera- 
ture of  cut. 

Proportion 

of  original 

oildisUlled. 

•c. 

100 
120 
150 
160 
170 

Percent. 

Few  drops. 

3.76 

76.50 

12.00 

6.50 

2.25 

•  Loss. 

The  residue  of  cracked  petroleum  oil — that  is  to  say,  the  fraction 
boiling  above  the  toluene  cut — ^has  been  shown  to  be  highly  suitable 
as  a  further  source  of  benzene  and  toluene  because  of  its  xylene  and 
cymene  content.  The  results  of  experiments  with  the  residue  of 
cracked  Oklahoma  crude  oil  from  which  the  low-boiling  aromatic 
fraction  has  been  removed  are  given  in  Table  64 

In  considering  the  yields  reported  in  Table  64  it  should  be  remem- 
bered that  the  absence  of  adequate  condensation  facilities  has  made 
the  yields  lower  than  would  otherwise  be  obtained  for  reasons  which 
have  heretofore  been  pointed  out.  The  data,  however,  agree  with 
those  previously  obtained,  and  clearly  show  that  the  residuum  of 
the  cracked  oil  is  favorable  for  reconversion. 
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Tablb  64. — Benzene  and  toluene  fcrmed  in  a  nnale-'iude  fvarnaee  {tube  8  mehu  in  diam- 
eter and  10 feet  long)from  craehng  the  reeidue  aSove  176  C.o/anoU  previoueiy  eraded 
at  varying  preetwree  and  rates  of  aUfeed,^ 
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on DansKiii  uwub 
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inch. 

hour. 

oiL 

oil. 
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on. 
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naloU. 

nalolL 

oforlgi- 
naloU. 

•c. 

Lb. 

OoL 

Perm. 

Per  el. 

Perei. 

Perd. 

Per  el. 

Per  el. 

Perct. 

600 

Atmos- 
pheric. 

U 

7» 

1.085 

3.2 

8.2 

6.4 

2.5 

X5 

6.0 

700 

...do.. 

15 

70 

1.062 

8.3 

3.0 

6.3 

2L3 

2L1 

4.4 

«60 

50 

15 

40 

1.093 

0.0 

3.7 

12.7 

4.5 

L8 

6.3 

fwa 

25 

15 

80 

1.085 

15.0 

7.6 

23.5 

6.3 

3.0 

0.3 

700 

25 

21 

54 

1.100 

13.0 

3.5 

16.5 

7.1 

1.9 

9.0 

650 

100 

21.2 

27 

1.048 

13.0 

5.2 

18.2 

3.5 

L4 

4.9 

700 

100 

14.0 

21 

1.014 

14.6 

7.5 

23L1 

8.1 

1.6 

4.7 

700 

100 

22.5 

31 

1.058 

11.5 

4.0 

16.4 

3.6 

L5 

5.1 

700 

100 

28.8 

39 

1.060 

8.1 

8.8 

11.9 

8.2 

L5 

4.7 

675 

150 

M 

62) 

1.034 

4.3 

8.8 

8.1 

Z7 

Z4 

&1 

600 

150 

U 

44 

1.062 

8.3 

4.8 

13.1 

3.6 

2.1 

5.7 

650 

150 

16.5 

48 

L042 

8.2 

5.2 

13.4 

4.0 

2.5 

ft.5 

600 

200 

15.5 

41 

.960 

7.0 

6.0 

13.0 

X9 

2.5 

5.4 

a  Reiolta  low,  doe  to  ineuflloleat  oondenaation. 


CX>N0LUSIOKS  AS  TO  OILS. 

The  experiments  have  dearly  indicated  that  the  vapor-phase 
cracking  process  is  not  limited  to  any  particular  type  of  oil,  and  that 
an  asphaltic  oil,  a  paraffin-base  oil,  oil  having  a  paraffin  and  asphaltic 
base,  and  certain  oils  obtainable  from  the  destructive  distillation  of 
coal;  are  all  suitable  for  use  in  the  process. 

KBLATION  OF  COHBX7STION  SPACE  TO  TEXPEBATUBB 

As  has  already  been  stated,  the  furnaces  used  for  the  cracking  of 
the  hydrocarbons  in  a  gaseous  condition  are  heated  by  natural  gas. 
Excellent  results  were  obtained  in  the  single-tube  furnaces,  but  it  has 
been  foimd  rather  difficult  to  maintain  uniform  heats  for  the  10  tubes 
in  a  single  combustion  chamber.  A  careful  checking  of  the  conver- 
sion results  accomplished  in  the  various  tubes  has  shown  that  a 
consistently  higher  temperature  is  maintained  in  the  tubes  nearest 
the  stacks,  and  that  the  tubes  farthest  from  the  stacks  show  the 
smallest  amount  of  conversion. 

The  combustion  chamber  in  the  multiple-tube  furnace  contains 
approximately  1,100  cubic  feet  of  space  or  an  average  of  110  cubic 
feet  per  tube.  This  combustion  volume  seems  to  be  insufficient  for 
the  best  results  under  the  conditions  of  operation  which  have  existed 
during  the  period  covered  by  this  report.  It  is  believed,  however, 
that  much  better  results  could  be  obtained  with  this  volume  of  furnace 
per  tube  if  it  were  to  be  combined  with  an  efficient  outer  combus- 
tion chamber 
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METHOD  OF  CONTROLLIKG  TEMPEBATUBE. 

In  the  operation  of  the  plant  a  laborer,  termed  a  heater,  is  employed 
for  each  furnace  of  10  tubes.  This  man  has  charge  of  the  22  burners 
required  to  heat  a  single  furnace,  and  is  engaged  constantly  in  the 
regulation  of  the  burners  in  order  to  maintain  the  required  tempera- 
ture. This  regulation  of  heat  is  controlled  by  optical  determination 
of  the  temperature,  as  judged  by  the  condition  of  the  tube  and  brick- 
work in  the  interior  of  the  furnace.  Pyrometers  have  also  been 
used,  but  have  given  results  of  varying  character.  The  optical  read- 
ings, when  made  by  operators  with  sufficient  experience,  have  per- 
mitted a  degree  of  control  more  satisfactory  than  that  obtainable 
through  dependence  on  pyrometers  alone.  It  has  been  foimd  prac- 
tically impossible  to  maintain  an  insulation  which  would  permit 
continuous  use,  as  all  of  the  various  iQSulating  materials  used,  such 
as  asbestos,  fire  clay,  fire  brick,  or  a  combination  of  the  three,  have 
rapidly  given  way  under  the  conditions  existing  in  the  chamber. 
Automatic  regulation  of  temperature  by  means  of  a  thermostat,  it  is 
believed,  can  be  ultimately  obtained. 

The  short  life  of  the  pyrometers,  notwithstanding  attempts  to 
protect  them  by  incasing  in  a  suitable  rod,  have  constituted  a  con- 
siderable item  of  expense,  and  experience  has  demonstrated  the 
inadvisabihty  of  depending  on  pyrometers  alone  for  temperature 
control.  It  has  been  foimd  that  when  eye  readings  are  taken  by 
means  of  a  cold  iron  pipe  inserted  through  one  of  the  peepholes  in 
the  furnace  shell,  the  contrast  in  color  between  the  cold  pipe  and  the 
glowing  interior  of  the  furnace  has  enabled  the  heater  to  accurately 
gage  the  temperature.  It  has  become  evident,  therefore,  that  eye 
control,  supplemented  by  pyrometric  readings,  the  pyrometer  to  be 
periodically  inserted  in  the  combustion  chamber,  is  the  most  advisa- 
ble means  for  obtaining  uniform  results  unless  an  efficient  thermostat 
be  used.  The  eye  quickly  becomes  traiaed  and  permits  the  approxi- 
mation of  temperature  with  remarkable  accuracy. 

The  wide  use  of  gas-heated  furnaces  in  various  industries,  and  the 
high  degree  of  uniformity  in  heat  which  has  been  obtained  by  long 
experience  indicates  that  the  heating  problem  should  not  in  the 
future  be  as  serious  a  difficulty  as  it  has  proved  to  be  with  the  10- 
tube  furnaces  in  the  experiments  reported  hereia. 

Control  of  temperature  in  the  single-tube  furnaces,  with  the  ex- 
ception of  the  8-inch  by  14-foot  furnace,  was  easy  and  there  is  no 
question  but  that  the  single-tube  furnace  lends  itself  much  more 
readily  to  accurate  control  than  the  larger  installation. 

The  influence  of  temperature  on  the  character  of  the  reaction  has 
already  received  detailed  comment  in  connection  with  the  discussion 
of  theoretical  considerations  in  the  first  part  of  this  paper. 
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ICBTHOD  OF  COMTROIJiINO  PBSSSUBS. 

Pressure  in  the  cracking  system  is  maintained  by  controlling  the 
dischaige  of  the  gases  formed  by  the  decomposition  of  the  hydro- 
carbons fed  into  the  tube.  In  the  operation  of  the  process  at  the 
development  plant  a  laborer  is  employed  for  each  unit  of  five  tubes 
in  order  to  regulate  the  pressure.  Regulation  is  accomplished  by 
opening  a  valve  and  permitting  the  gases  to  escape  into  a  gas  main 
or  header  until  the  pressure  in  the  individual  tube  ha^been  sufficiently 
lowered  to  keep  it  at  the  point  required.  For  a  furnace  of  10  tubes, 
two  men  are  employed  to  control  pressure  conditions. 

There  is  no  reason  why  in  new  subsequent  installations  the  services 
of  these  men  can  not  be  dispensed  with  by  using  automatic  valves 
which  can  be  set  to  release  at  the  desired  pressure.  It  was  unde- 
sirable to  do  this  in  the  course  of  the  operations  described  in  this 
bulletin  for  the  reason  that  absolute  control  of  operations  could  be 
better  attained  by  hand  regulation.  It  will  be  realized  that  in.  the 
first  stages  of  the  development  of  any  process,  labor  costs  are  always 
high  until  after  procedure  has  been  so  far  simplified  as  to  permit 
the  substitution  of  mechanical  control  for  manual  labor.  There 
seems  to  be  no  reason  why  a  substantial  reduction  in  operating 
expenses  can  not  be  effected  by  mechanical  regulation  of  the  pressure. 

At  the  outset  of  the  experiments  it  was  considered  desirable  to 
obtain  as  large  quantities  of  benzene  as  possible.  Therefore,  a  uni- 
form pressure  of  250  pounds  per  square  inch,  which  had  been  shown 
to  give  the  best  yields,  was  adopted.  After  a  considerable  period  of 
time  it  became  of  more  consequence  to  increase  the  percentage  of 
toluene  formed,  for  which  a  lower  pressure  is  more  favorable;  conse- 
quently a  number  of  experiments  were  conducted  which  established 
the  fact  that  for  the  distillate  oil  a  imiform  pressure  of  150  pounds  per 
square  inch  is  the  most  satisfactory  from  a  commercial  standpoint. 
A  reasonable  degree  of  conversion  is  obtained  at  this  pressure  which, 
coupled  with  the  improvement  along  mechanical  lines,  makes  150 
pounds  the  most  favorable  pressure  when  toluene  is  the  chief  product 
desired. 

CABBON  FORMATIOK. 

As  was  stated  in  the  discussion  of  temperature,  carbon  difficulties 
increase  when  heat  is  not  uniformly  regulated.  The  experiments 
again  indicated  the  already  well-known  fact  that  the  percentage  of 
carbon  formed  increases  with  temperjiture. 

Although  the  temperatures  (600°  to  750°  C.)  favorable  for  forma- 
tion of  low-boiling  aromatic  hydrocarbons  are  sufficiently  high  to 
make  unavoidable  the  formation  of  a  considerable  percentage  of 
carbon,  the  amount  of  carbon  formed  is  also  dependent  to  a  large 
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extent  on  the  character  of  the  origmal  oil.  The  Oklahoma  crude  oil, 
nirhich  was  used  in  the  first  runs  formed  on  the  average  1  to  1^  pounds 
of  carbon  per  gallon  of  oil.  The  distillate  which  was  substituted 
formed  one-fourth  to  one-half  pound  per  gallon.  With  both  types 
of  oil,  when  temperatures  and  rate  of  feed  are  in  proper  relationship, 
the  carbon  is  soft  and  flaky  in  character  and  of  fine  texture,  or  else 
is  in  the  form  of  a  tar.  The  soft  carbon  resembles  lampblack  to  some 
extent,  and  is  a  useful  by-product.  When  the  carbon  is  in  this  condi- 
tion, the  use  of  stirring  rods  will  efficiently  prevent  incrustation  of 
carbon  on  the  walls  of  the  tube. 

It  is  only  when  the  heat  becomes  excessive  that  a  layer  of  coke 
accumulates  on  the  inner  wall  of  the  tube.  When  dense,  hard,  coke 
forms,  it  is  difficult  to  remove.  As  has  been  previously  suggested, 
the  use  of  heavier  chains  than  those  employed  on  the  stirring  rods 
in  the  experiments  reported  in  this  bulletin  might  noticeably  increase 
efficiency  in  removing  carbon. 

The  nature  of  the  carbon  formed  when  excessive  heats  are  per- 
mitted is  shown  in  Plate  VI,  B.  It  will  be  noted  in  the  illustration 
that  the  carbon  is  built  up  on  the  stirring  rod  to  the  full  diameter 
of  the  tube,  completely  choking  it  and  preventing  the  passage  of  gases 
generated  in  the  upper  part  of  the  chamber.  Considerable  diffi- 
culty was  experienced  with  this  type  of  coke,  or  carbon,  in  the 
early  stages  of  the  experimental  work.  Its  formation  was  due  to  three 
causes:  First,  to  the  higher  temperatures,  which  were  used  in  order 
to  obtain  the  maximum  conversion  possible  in  a  single  operation; 
second,  to  the  inexperience  of  the  heaters,  which  resulted  in  excessive 
heats;  and  third,  to  the  greater  carbon  deposition  incident  to  the 
use  of  Oklahoma  crude  oil  as  original  material. 

With  the  change  in  the  character  of  the  oil  used,  and  a  somewhat 
improved  heating  control,  practically  no  dense  coke  has  been  formed 
on  the  walls  of  the  tube,  and  the  carbon  has  been  removed  either 
in  the  form  of  a  tar,  or  else  in  the  form  of  the  soft  flaky  carbon 
previously  mentioned.  More  recently  (December,  1915)  the  carbon 
has  been  removed  from  the  carbon  pots  in  the  form  of  a  heavy  oil, 
which  has  been  mixed  with  the  product  from  the  condensers.  This 
fact  alone  will  indicate  to  what  extent  the  carbon  difficulties  have 
been  overcome. 

The  presence  of  carbon  in  the  reaction  chamber  is  a  disadvantage 
from  the  mechanical  side  alone.  From  various  references  in  the  ap- 
pended bibliography  it  can  be  discovered  that  carbon  is  one  of  the 
best  catalysts  for  the  formation  of  benzene  and  toluene.  The 
mechanical  difficulties  from  the  deposition  of  coke  arise  not  alone 
from  the  fact  that  it  chokes  the  passage  of  the  gases,  but  also  hinders 
heat  conductivity.    The  formation  of  coke  on  the  inner  wall  of  the 
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tube  will  cut  down  the  conductivity  several  hundred  per  cent,  so 
that  a  much  higher  temperature  is  required  to  bring  the  temperature 
within  the  tube  up  to  the  desired  point. 

CONCLUSIONS  REGABDING  CABBON  FOBMATION. 

It  is  evident  from  the  development  of  the  process  that  the  fonnar- 
tion  of  carbon  in  the  cracking  tube  is  not  an  obstacle  to  the  operation 
of  the  process  when  control  conditions  are  in  proper  relationship. 
Too  low  a  rate  of  feed  at  a  moderately  high  temperature  wiU  cause 
higher  percentages  of  carbon  to  form.  Elxcessive  temperatures  and 
pressures  will  likewise  promote  excessive  carbon  formation^  but 
when  these  factors  are  in  their  proper  relationship  the  character  of 
the  carbon  is  such  that  Uttle  or  no  difficulty  is  encountered  in  its 
removal. 

MATEBIAI.  TTSSD  DT  TX7BBS. 

Double  extra-heavy  lap-welded  tubes  with  walls  five-eightlus 
inch  in  thickness  have  been  used  for  the  cracking  chambers.  These 
tubes  come  in  stock  lengths  of  from  20  to  23  feet,  so  that  a  single 
length  may  be  cut  iQto  two  cracking  tubes.  The  initial  cost  of 
these  tubes  in  the  stock  sizes  is  approximately  $85  so  that  a  cracking 
tube  wiU  cost  approximately  $42.50. 

BULGING  OF  TUBES  FROM  OVEBHEATIN6. 

Lap-welded  tubes  have  not  proved  entirely  satisfactory.  Defects 
developed  from  time  to  time  in  the  seams,  under  the  high  furnace 
heats,  so  that  the  tubes  would  fail  during  a  run.  In  spite  of  this 
tendency,  however,  there  has  never  been  a  case  of  outright  bursting 
in  all  the  eight  months  of  operation.  The  tubes  contain  only  gaseous 
hydrocarbons,  and  the  expansion  incident  to  their  combustion  on 
exposure  to  air  has  not  been  sufficient  to  prove  dangerous.  In 
general,  the  only  indication  given  of  a  break  in  a  tube  is  the  falling 
off  in  pressure  which  results.  During  the  first  few  months  of  oper- 
ation the  tubes  frequently  did  not  average  more  than  10  days'  heat- 
ing before  they  started  to  bulge.  A  typical  case  of  this  sort  of 
tube  trouble  is  shown  by  the  photograph  of  a  longitudinal  section 
of  a  displaced  tube  (see  Plate  VI,  B). 

Most  of  the  tubes  which  were  displaced  manifested  the  effect  of  over- 
heating. Some  oxidation  had  occurred,  but  in  few  if  any  tubes  had  it 
progressed  to  such  an  extent  as  to  indicate  that  it  was  the  cause  of 
the  tube  yielding.  The  local  superheating  for  the  most  part  ranged 
over  that  part  of  the  tube  which  was  incased  in  the  fire-brick  casement 
or  chimney  previously  described,  although  in  some  instances  the  bulge 
had  started  at  a  point  above  the  top  of  the  checkerwork.  It  seemed 
that  as  soon  as  excessive  heating  had  caused  a  tube  to  soften  in  some 
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place,  bulging  resulted  immediately  through  the  effect  of  internal 
pressure.  This  bulging  or  flow  once  started  continued  imtil  the 
walls  had  become  so  thin  that  they  ruptured  under  the  pressure. 
In  a  number  of  cases  the  metal  in  the  tubes  at  the  point  of  rupture 
had  been  thinned  down  to  a  knife-like  edge. 

LIFE   OP  TUBES. 

The  short  life  of  the  tubes  in  the  multiple-tube  furnaces  during 
the  earlier- stages  of  development  is  in  striking  contrast  to  their 
life  in  the  single-tube  furnaces,  where  individual  tubes  were  used 
for  months  without  removal.  This  fact  indicates  the  much  better 
temperature  regulation  attained.  Since  the  large  furnaces  have 
been  operated  at  a  temperature  ranging  from  625°  to  650®  C.  and 
a  pressure  of  150  poimds  per  square  inch,  as  compared  with  a  tem- 
perature of  700®  C.  and  a  pressure  of  250  pounds  per  square  inch  in  pre- 
vious runs,  the  life  of  the  tubes  has  been  greatly  prolonged  and  tube 
trouble  has  practically  disappeared,  even  with  the  lap-welded  tubes. 

A  small  number  of  lap-welded  tubes  that  were  calorized  (coated 
with  aluminum)  by  the  General  Electric  Co.  have  been  in  operation 
for  several  weeks.  The  results  to  date  of  writing  have  been  entirely 
satisfactory,  especially  as  less  carbon  trouble  has  been  expeSrienced 
with  these  tubes  than  with  like  tubes  not  calorized. 

Mr.  A.  J.  Moxham,  the  president  of  the  Aetna  company,  who  has 
had  extensive  experience  in  the  manufacture  of  steel,  has  given  the 
problem  of  prolonging  the  life  of  the  tubes  his  close  personal  atten- 
tion. It  is  his  opinion  that  the  solution  is  to  be  foxmd  in  the  use  of 
thick-walled  cast  tubes  of  high-carbon  steels,  the  walls  of  which 
should  be  li  to  H  inches  thick.  The  rate  of  heat  transmission 
through  walls  of  such  thickness  wiU  be  less  than  with  the  lap-welded 
tubes,  which  will  tend  to  bring  about  a  more  uniform  heat  in  the  inte- 
rior of  the  tubes.  At  the  same  time  the  thick  walls  should  not 
present  any  difficulties  in  the  way  of  maintaining  satisfactory  crack- 
ing temperatures.  The  great  advantage  expected  to  be  gained  results 
from  the  fact  that  cast  steel  of  this  character  will  not  deteriorate 
under  the  influence  of  heat  irntU  the  temperature  becomes  excessive. 
This  means  prolonged  service  and  decreased  cost  of  operation.  The 
objection  to  the  use  of  a  cast-steel  tube  is  the  difficulty  in  making 
satisfactory  castings.  This  is  overcome  in  a  large  measure  by  having 
the  walls  of  the  thickness  indicated.  Several  cast-steel  tubes  with 
walls  three-fourths  inch  thick  were  tried  out  but  did  not  give  satis- 
factory results.  The  tubes  were  pitted  after  several  days  heating  in 
the  furnace.  It  is  probable  that  cast-steel  tubes  of  greater  thickness 
would  have  given  better  satisfaction,  as  a  better  casting  could  be 
more  easily  obtained.  KoUed-steel  tubes  have  also  been  experi- 
mented with,  and  satisfactory  results  obtained  up  to  the  present 
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writing.  Because  of  the  fact  that  rolled  tubes  at  least  1  inch  thick 
can  be  purchased  in  stock  sizes  at  a  less  cost  than  that  at  which 
special  cast-steel  tubes  can  be  had,  it  will  probably  be  advisable  to 
use  roUed  stock  in  new  installations. 

CONCLUSIONS  REOABDINO  TUBES. 

Based  upon  experience  extending  over  a  period  of  seven  months, 
it  is  recommended  that  either  roUed  or  cast  steel  tubes  be  used  in  lieu 
of  lap-welded  tubes.  The  walls  of  the  tubes  should  be  not  less  than 
1  inch  thick  for  maximum  efficiency  in  operation. 

GAS  FORMATION. 

The  benzene-toluene  process  produces  more  than  enough  gas  for 
continual  operation  of  the  cracking  furnaces.  Regardless  of  the 
character  of  oil  used,  40  to  50  cubic  feet  of  fixed  gases  is  generated 
for  each  gallon  of  oil  cracked.  In  order  to  maintain  the  proper 
temperature  in  the  tubes  a  consumption  of  approximately  300  cubic 
feet  of  natural  gas  per  hour  is  required  for  each  tube  or  furnace.  On 
the  basis  of  a  feed  of  15  gallons  per  hour  and  40  cubic  feet  of  fixed 
gases  per  gallon  of  oil,  a  tube  would  generate  600  cubic  feet  of  fixed 
gases  per  hour — ^twice  the  amount  of  gas  required  to  heat  the  tube. 
And  this  takes  no  accoimt  of  heat  economies  that  will  probably  be 
developed  at  the  plant  in  the  future.  These  figures  show  that  on 
any  extensive  scale  of  operation  a  large  surplus  of  valuable  illumi- 
nating and  heating  gas  will  be  produced,  which  can  be  used  for 
general  plant  pxuposes  such  as  fuel  under  boilers  and  stills,  or  can  be 
sold  for  industrial  or  domestic  uses.  This  gas,  owing  to  its  high  ethane 
and  ethylene  content,  as  previously  pointed  out,  averages  between 
1,000  and  1,400  British  thermal  units  per  cubic  foot  of  gas.  Its 
heating  value  is  equal  to  or  greater  than  that  of  the  best  grades  of 
natural  gas,  which  furnish  twice  as  many  heat  units  per  cubic  foot 
as  the  same  quantity  of  coal  gas. 

A  plant  treatuig  500  barrels  of  oil  per  day  would  thus  produce 
840,000  to  1,050,000  cubic  feet  of  gas  in  24  hours.  At  a  rate  of 
feed  of  15  gallons  per  hour,  and  assuming  that  the  oil  is  fed  into  the 
tubes  20  hours  out  of  the  24,  approximately  70  tubes  would  be 
required  to  convert  this  amount  of  material.  The  furnaces  for  the 
70  tubes  would  consmno  not  more  than  500,000  cubic  feet  of  gas, 
which  would  leave  at  least  300,000  to  500,000  cubic  feet  of  gas 
available  for  other  purposes.  Stated  in  terms  of  calorific  value  a 
surplus  of  360,000,000  to  600,000,000  British  thermal  units  would  be 
placed  at  the  disposal  of  the  plant  operator  for  general  use. 

Very  small  amounts  of  gas  are  produced  in  the  gasoline  process  as 
compared  with  the  benzene-toluene  process,  consequently  either 
natural  gas,  oil,  or  some  other  form  of  fuel  would  have  to  be  em- 
ployed to  heat  the  cracking  furnace. 
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The  above  figure  of  gas  coDSumptioii  per  tube  is  based  on  opera- 
tions as  conducted  to  November,  1915.  There  is  reason  to  believe 
that  if  a  large  combustion  chamber  with  efficient  preheating  of  air  is 
provided,  the  amount  of  gas  required  per  tube  can  be  considerably 
decreased.  It  is  believed  that  250  cubic  feet  per  hour  can  be  regarded 
as  a  maximtmi  figure. 

COMPOSITION  OF  GAS. 

The  percentage  of  imsaturated  hydrocarbons  carried  by  this  gas  is 
of  fundamental  importance  in  considering  availability  for  illu- 
minating purposes.  It  has  been  shown  from  analysis  of  the  gases, 
sampled  in  the  course  of  the  laboratory  experiments,  that  a  sufficient 
percentage  of  unsaturated  hydrocarbons,  or  illuminants,  is  produced 
to  make  the  fixed  gas  valuable  for  domestic  use.  During  the  develop- 
ment of  the  plant  opportunity  for  extensive  sampling  of  the  gases 
produced  was  not  afforded,  as  attention  was  necessarily  concentrated 
on  the  production  of  toluene  and  benzene,  and  the  character  of  the 
gas  was  regarded  as  being  a  problem  to  be  taken  up  after  operations 
had  been  placed  on  an  efficieht  commercial  basis.  The  results  of 
analyses  of  four  average  samples  of  gases  from  the  large  cracking 
tubes  when  operated  under  different  conditions  of  temperature  and 
pressure  are  given  in  Table  65.  The  figures  obtained  show  clearly 
that  the  gas  is  of  the  same  value  and  character  as  that  produced  in 
the  laboratory  experiments,  for  which  data  have  already  been  given. 

Table  66. — Analyses  of  five  samples  of  gases  from  J  0-tube  furnaces. 

[Analyst,  O.  A.  Burrell.] 


Constituent. 


Unsaturated  hydrocarbons 

Bensene  (CsHs) 

Oxygon  (Os) 

Oarbon  monoxide  (CO) — 

Garbon  dioxide  (CO9) 

Methane(CH4) 

Ethane  (CiH«) 

Hydrogen  (Hi) 

Nitrogen  (NO 


Peroentage  contained  in  sample  No.— 


1 

2 

3 

4 

6 

13.0 

20.8 

18.6 

13.8 

1.0 

.9 

1.0 

.8 

1.3 

1.2 

.5 

.7 

1.0 

.6 

.3 

.9 

1.1 

.7 

.9 

5.8 

.3 

.3 

.5 

.2 

.1 

61.1 

68.1 

60.4 

63.2 

71.4 

8.9 

7.3 

6.3 

8.6 

3.5 

n.8 

8.7 

11.6 

9.4 

15.9 

2.7 

2.0 

.1 

2.1 

.8 

It  has  been  shown  that  if  cracking  is  carried  out  under  atmospheric 
pressure  or  diminished  pressure  (vacuum)  a  relatively  greater  amount 
of  gas  can  be  produced  and  a  higher  percentage  of  unsaturated  hydro- 
carbons obtained.  This  fact  suggests  that  there  is  a  large  field  for 
the  employment  of  the  process,  using  diminished  pressure,  for  enrich- 
ing coke-oven  gas  from  which  the  benzene  and  toluene  have  been 
removed  to  make  it  suitable  for  illuminating  and  heating  purposes. 

17945*— 16 ^13 


194  GA80UKE   AND   BENZENE-TOLUENE. 

Oil  gas  produced  by  the  process,  using  regular  pressures,  might  also 
be  used  for  carburetting  water  gas.  Under  conditions  as  in  1915 
it  will  probably  be  cheaper  for  the  operators  of  a  coke-OTea  gas 
plant  to  extract  all  the  crude  benzene  possible  from  the  gases,  rather 
than  to  attempt  to  leare  a  considerable  percentage  in  the  gas  for 
the  purpose  of  making  it  more  marketable. 


BBOO  VXBT  OF  OKACKSD  OIL. 

The  percentage  of  recoTered  oil  is  dependent  on  the  temperatures 
and  pressures  under  which  operations  are  conducted.  The  data 
obtained  with  the  larger  tubes  are  in  no  wise  different  from  those 
obtained  in  the  laboratory  experiments  except  in  such  d^ee  as  is 
explainable  by  reason  of  inadequate  condensation. 

Although  the  average  quantity  of  oil  recoTered  in  the  benzene- 
toluene  process  ranged  between  25  and  35  per  cent,  it  will  be  found 
that  with  efficient  condensation  35  per  cent  or  more  may  be  con- 
sistently obtained.  In  fact,  with  oils  having  a  specific  gravity  of 
0.90  and  0.91,  such  as  those  being  recovered  at  the  development 
plant  in  December,  1915,  the  percentage  of  recovery  runs  consistently 
between  40  and  50  per  cent. 

BJBSIDircrM  OF  BBOOVEBBI)  OIL  AFTEB  BBliOVma  LOW-BOIUKa 

FRACTIONS. 

Up  to  the  time  of  writing  no  opportunity  has  been  afforded  for 
the  detailed  study  of  that  part  of  the  recovered  oil  which  distills 
above  175^  C.  It  is  known  that  this  residuum  carried  up  to  2^  per 
cent  of  naphthalene,  on  the  basis  of  original  oil,  also  undetermined  per- 
centages of  diphenyl  and  anthracene.  The  proportion  of  the  higher 
aromatic  compounds  could  be  increased,  so  far  as  percentage  forma- 
tion on  the  basis  of  original  oil  is  concerned,  by  running  the  residuum 
through  the  tubes  again  or  by  operating  at  higher  temperatures  and 
pressures. 

At  times  the  general  character  of  the  products  obtained  from  the 
tubes  has  varied  widely.  Several  tubes  at  times  have  produced  an 
oil  of  a  bright  emerald  color,  whereas  oil  of  dark  or  reddish  color  was 
usually  obtained.  Just  what  conditions  or  constituents  imparted 
this  green  color  to  the  recovered  product  has  not  been  determined. 

The  residuum  contains  a  considerable  percentage  of  valuable 
lubricating  oils;  in  fact,  in  the  early  stages  of  operations  the  recov- 
ered oil  distilling  above  175^  C.  was  used  by  the  workmen  for  lubri- 
cating piuposes  and  found  to  give  excellent  results.  The  percent- 
age of  refined  lubricating  oib  obtainable  and  the  general  character 
and  value  of  such  oils  remain  to  be  determined. 

It  is  hoped  that  the  Bureau  of  Mines  will  be  able  to  take  up  a 
systematic  and  extended  study  of  the  products  formed  in  the  proc- 
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ess.  From  the  experimental  evidence  there  is  no  doubt  but  that 
many  valuable  and  important  facts  concerning  the  nature  of  the 
recovered  oil  remain  to  be  determined,  and  some  of  them  may  have 
an  important  industrial  bearing. 

COST  DATA. 

It  is  difficult  to  give  cost  data  for  a  unit  plant  for  either  the  gaso- 
line or  benzene-toluene  process.  Although  several  plants  are  being 
projected  for  1916,  only  one  plant  has  been  constructed  dining  the 
period  for  which  data  have  been  given.  This  installation  is  the  one 
owned  and  operated  by  the  Aetna  company.  The  conditions  under 
which  this  plant  was  erected  were  such  as  to  make  the  costs  xmusually 
high.  Consequently  it  would  not  be  fair  either  to  the  company  or  to 
the  process  to  quote  such  figures.  Also  their  quotation  is  inadvisable 
because  of  the  fact  that  it  is  recommended  that  the  installation  be 
changed  in  a  number  of  particulars  in  any  projected  plant.  These 
changes  have  been  pointed  out  in  connection  with  the  discussion  of 
various  parts  of  the  mechanical  equipment. 

The  cost  of  a  plant  on  a  unit  basis  will  depend  largely  on  the  size 
of  the  installation.  Practically  the  same  amount  of  piping,  etc., 
will  be  required  for  a  four-tube  imit  as  would  be  needed  for  a  plant 
twice  the  size.  The  cost  per  tube  of  the  necessary  plant  accessories 
decreases  with  the  number  of  tubes  installed.  A  200-barrel  tank, 
for  example,  does  not  cost  much  more  than  a  tank  of  half  that 
capacity. 

The  erection  of  the  furnaces  constitutes  only  a  part  of  the  expense 
to  be  incurred.  The  tanks  lor  the  storage  of  raw  and  finished  prod- 
ucts, a  still,  agitators,  and  other  equipment  for  a  complete  plant 
will  constitute  a  much  greater  part  of  the  expense.  Costs  of  this 
character  will  be  largely  obviated  if  either  or  both  processes  are 
operated  in  connection  with  a  petroleum  refinery  where  such  equip- 
ment is  already  available. 

The  cost  of  a  gasoline  plant  will  be  considerably  less  than  that  of 
a  benzene-toluene  plant,  as  little  or  no  carbon  is  formed  and  elabo- 
rate equipment  for  the  removal  and  reception  of  this  substance  is 
not  required;  also  a  gas  scrubber  and  a  gas  holder  would  not  be 
needed,  as  the  volume  of  fixed  gases  generated  in  making  gasoline  is 
small. 

If  the  oil  is  preheated  prior  to  being  introduced  into  the  tube, 
less  heat  will  be  required  to  bring  the  oil  up  to  the  desired  cracking 
temperature.  The  amount  of  gas  consumed  will  be  less,  and  the 
size  and  cost  of  the  furnace  can  be  reduced  accordingly.  These  are 
important  considerations  in  estimating  the  amount  of  money  needed 
for  the  erection  of  the  plant.  The  furnaces  necessarily  will  cost 
more  if  the  oil  is  fed  in  cold. 
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According  to  estimates  which  have  been  made^  the  cost  of  a  tmit 
installation  of  four  tubes  for  the  benzene-toluene  process^  under 
conditions  as  in  1915,  will  average  approximately  $5,500  per  tube. 
This  sum  includes  the  construction  of  a  steel-frame  building,  founda- 
tions, structural  work  for  furnaces,  tubes,  valves,  oil  meters,  oil 
pumps  for  delivering  oil  to  the  tubes,  motors  for  operating  the  stir- 
ring rods  and  fan  for  delivering  preheated  air  to  each  furnace,  gas 
burners,  carbon  pots,  condenser,  gas  scrubber,  oil  and  gas  piping  for 
furnaces,  and  miscellaneous  equipment.  The  figure  given  does  not 
include  cost  of  storage  tanks  or  equipment  for  the  treatment  of  the 
furnace  products.  The  cost  of  construction  per  unit  of  material 
treated  decreases  with  increase  in  size  of  tubes.    A  furnace  for  an 
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18-inch  tube  will  not  cost  any  more  than  a  furnace  for  a  10-inch 
tube,  for  example,  but  its  production  capacity  will  be  more  than 
double  that  of  the  10-inch  tube. 

For  the  purpose  of  showing  more  clearly  what  the  processes  can 
accomplish  the  following  tabular  statements  of  yields  are  given. 
These  figures  are  based  upon  the  information  and  experience  acquired 
during  more  than  six  months  of  experimentation  and  development. 
They  are  conservative  if  efficient  means  of  condensing  are  to  be  em- 
ployed and  if  the  gases  after  leaving  the  condenser  are  to  be  washed  or 
scrubbed.  The  figures  are  for  a  single-stage  operation  only,  and  do 
not  take  into  consideration  the  total  yields  that  might  be  obtained 
if  the  residuum,  or  a  fraction  thereof,  above  the  upper  limit  of  the 
benzene-toluene  cut,  were  rerun  through  the  tubes.  The  tables 
follow: 

Total  qvxintity  of  products  recoverable  by  means  of  the  benzene-toluene  process  per  day,  in 

a  unit  plant  of  10  single-tube  furnaces  (tubes  8  inches  in  diameter  by  ll\feet  in  length) 

at  a  rate  of  oil  feed  of  15  gallons  per  hour, 

GtlkmM. 
Oil  coDBumption  per  day  (20  hours) 3, 000 

Recovered  oil  per  day  (35  to  50  per  cent  of  original  oil) : 

Benzene  recovered  (6  to  8  per  cent  of  original  oil) 180 

Toluene  recovered  (6  to  8  per  cent  of  original  oil) 180 

Xylenes  recovered  (4  to  6  per  cent  of  original  oil) 120 

Gasoline  recovered  (6  to  8  per  cent  of  original  oil) 180 

Creosote  oil  and  pitch,  6  (25  to  35  per  cent  of  original  oil) 340 

Total 1,050 

Car})on  produced  per  day  (3  to  5  per  cent  of  original  oil) c  150 

Gas  produced  per  day  (45  to  60  per  cent  of  original  oQ) rfl,  800 

Total  recovered  oil,  carbon,  and  gas 3, 000 

a  Furnished  by  cjonrtesy  of  the  Synthetic  Hydro-Carbon  Ca  of  Pittsburgh,  Pa. 
b  Includes  higher  aromatics,  such  as  cymene,  diphemyl,  naphthalene,  anthraoene,  also  valuable  lubri- 
cating oil. 
«  1,200  pounds. 
d  120,000  oubio  feet. 
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Total  qtumtUy  of  gasoline  recoverable  per  day  in  a  unit  plarU  of  10  single-tube  fumacea 
(tubes  8  inches  in  diameter  by  11^  feet  in  length)  at  a  rate  of  oil  feed  of  SO  gallons  per 
hauTfi 

QaUona. 

Rate  of  oil  consumption  per  day  (22hotm3) 6, 600 

GaBoline  recovered  per  day  (25  to  80  per  cent  of  original  oil) 1, 650 

Residuum  (above  150°  C.)  recovered  per  day,  available  for  rerunning 

(70  to  73  per  cent  of  original  oil) 4, 620 

Lofls  per  day  (1}  to  3  per  cent  of  original  oil)  in  fixed  gases  and  carbon)  ^ . .     330 

Total 6,600 

LARGE-SCALE  GASOLINE  PRODUCTION. 

Opportunity  has  not  been  afforded  for  testing  the  gasoline  process 
on  a  large  commercial  scale,  as  is  the  case  of  the  benzene-toluene 
process.  The  Department  of  the  Interior  has,  from  time  to  time, 
announced  its  readiness  to  enter  mto  an  agreement  for  the  large- 
scale  use  of  the  process  similar  to  that  which  was  made  with  respect 
to  its  companion  process.  Negotiations  have  been  had  at  various 
tunes  with  different  groups  of  oU  refiners  and  different  oil  companies, 
but  nothing  in  the  way  of  concrete  agreement  satisfactory  to  both 
sides  has  resulted.  The  inability  of  the  department  to  accede  to 
the  requests  made  for  exclusive  rights,  or  for  recoupment  of  expenses 
incurred  in  the  development  of  the  gasoUne  process,  has  prevented 
reaching  an  understanding.  At  the  time  of  writing  licenses  have 
been  issued  to  four  refining  companies,  each  of  which  is  about  to 
install  small  experimental  imits.^ 

The  Aetna  Explosives  Co.  has  been  most  courteous  and  obUging  in 
extending  faciUties  for  conducting  gasoline  tests  in  the  single-tube 
furnaces,  during  such  times  as  the  use  of  the  furnaces  could  be  spared 
for  this  purpose.  Accordingly  a  considerable  number  of  runs  were 
made  in  the  single  tubes  with  the  different  oils  available.  Three  oils 
were  used  in  the  experiments,  one  was  a  fuel  oil  from  Pennsylvania- 
West  Virginia  crude  petroleums  and  the  other  two  were  distillate 
oils,  one  having  a  boihng  point  ranging  between  250°  and  350°  C, 
and  the  other  between  200°  and  300°  C. 

EXPEBQCENTS  IN  e-INCH  BY  9-FOOT  TUBE. 
TESTS  WTTH   DISTILLATE    HAVING   BOILING    POINT    OF   250°  TO  300°  O. 

Table  66  gives  the  results  of  runs  with  the  distillate  boiling  at 
250°  to  350°  C.  in  a  6-inch  by  9-foot  tube  at  temperatures  ranging 
between  550°  and  650°  C.  and  rates  of  feed  varying  from  13  to  26 

a  Nature  of  reactloa  Is  so  much  simpler  in  gasoline  process  that  less  time  is  required  and  rate  of  oil  feed 
accordingly  can  be  doubled, 
ft  This  figure  is  high  for  large-scale  operatians* 
c  Forform  of  license,  see  page  133. 


198  GASOLINE  AND  BENZENE-TOLUENE. 

gallons  por  hour.  Both  the  percentage  of  recovered  oil  and  the 
percentage  of  gasoline  formed  are  abnormally  low,  which  is  due 
entirely  to  inefficient  condensation.  For  this  reason  the  figures 
published  are  to  be  regarded  as  suggestive  rather  than  as  definite 
evidence  of  the  possibiUties  of  the  process.  The  greatly  increased 
rate  of  feed  in  the  gasoline  process,  as  compared  with  the  benzene- 
toluene  process,  caused  a  greater  volume  of  gases  to  pass  through 
the  condenser  in  a  given  space  of  time  and  made  the  condensing 
apparatus  available  for  these  tests  even  more  inadequate  Uian  it  was 
in  the  case  of  the  benzene-toluene  process.  With  inefficient  con- 
densation the  low-boiling  hydrocarbons  are  readily  lost.  The 
amounts  of  recovered  oil  shown  would  have  been  10  to  25  per  cent 
greater  if  the  condensing  surface  had  been  in  proportion  to  the 
amount  of  gases  generated.  Even  with  this  percentage  of  loss, 
the  results  show  clearly  the  efficiency  of  the  process  as  a  means  of 
producing  gasoline  from  the  higher  boiUng  petroleum  products. 

Although  the  boiling  points  of  the  original  oils  ranged  between 
250®  C.  and  350®  C,  yet  an  average  of  19.5  per  cent  of  gasoline  boiling 
below  150®  C.  was  recovered  in  the  runs  reported.  This  percentage 
is  on  the  basis  of  original  oil  and  indicates  that  between  25  and  30 
per  cent  could  have  been  recovered  if  the  condensing  means  had 
been  adequate. 

The  runs  were  made  at  a  uniform  pressure  of  250  pounds  per 
square  inch,  but  at  varying  rates  of  feed  and  temperatures.  The 
results  show  that  as  the  rate  of  feed  is  increased,  with  pressure  and 
temperature  kept  constant,  the  percentage  of  gasoline  on  the  basis  of 
original  oil  decreases.  At  a  temperature  of  550®  C.  and  a  pressure 
of  250  poimds,  and  a  rate  of  feed  of  17  gallons  per  hour,  18.9  per  cent 
of  gasoline  was  recovered,  whereas  at  26  gallons  per  hoiur  a  yield  of 
only  12.9  per  cent  was  obtained.  The  same  phenomenon  holds  true  at 
the  higher  temperatures.  For  example,  a  rate  of  feed  of  19  gallons 
per  hour  at  650®  C.  gives  a  total  gasoline  yield  of  21.4  per  cent, 
whereas  an  increase  of  6  gallons  per  hour  reduces  the  yield  of  gasoline 
by  4  per  cent. 

Another  characteristic  feature  of  these  tests  is  the  increased  rate 
of  feed  which  is  possible  with  higher  temperatures.  A  feed  of  15 
gallons  per  hour  at  a  temperature  of  550®  C.  gave  the  best  results, 
whereas  at  650®  C.  a  rate  of  19  gallons  per  hour  gave  an  optimum 
recovery. 

A  temperature  of  600  C.  and  a  rate  of  feed  of  17  gallons  per  hour 
is  shown  to  have  been  the  most  favorable  for  this  particular  oil  in 
this  size  of  tube.  The  same  oil  in  the  large  8-inch  tube  gave  optimum 
results  at  a  temperature  of  550®  C.  and  a  feed  of  25  gallons  per 
hour.  Too  much  reliance  should  not  be  placed  on  the  tempera^ 
ture  indications,  as  conditions  of  operation  did  not  permit  accurate 
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determination  of  furnace  temperatures.  It  is  doubtful  whether  the 
recorded  difference  in  optimimi  conditions  for  the  two  tubes  really 
existed.  The  results  of  the  tests  in  the  6-inch  by  9-foot  tube  are  given 
in  Table  66. 

Table  66. — Qiuoline  fcfrmed  from  crackinq  a  dMUate  oU^'^  in  a  single-tube  furnace 
(tube  6  inches  in  diameUr  and  9  feet  long)  at  a  constant  pressure  of  £50  -pounds  per 
square  inch,  with  varying  temperatures  and  rates  of  oUfeedJ^ 


Nnmbw. 
of  runs. 

Tempen- 
ture,-C. 

Rate  of 
oil  feed, 

gfUlons 
per  hoar. 

on  recovered. 

OasoUne. 

Percent. 

Spedflc 
gravity. 

Peront- 
age  in  re- 
covered 
oil. 

Spedflc 
gravity. 

Percent- 
age 
farmed, 
on  basis 

1 

2 

5 

1 

3 

1 

6 

3 

1 

1 

1 

550 
550 
550 
575 
600 
600 
600 
625 
650 
650 
650 

17 
10 
26 
13 
17 
10 
23 
22 
10 
21 
25 

54 

85 
02 
58 
70 
85 
78 
76 
60 
70 
86 

0.800 
.800 
.800 

.815 
.830 
.810 
.810 
.815 
.820 
.816 
.828 

85.0 
20.0 
14.0 
32.0 
36.0 
26.7 
25.0 
27.0 
31.0 
24.0 
20.0 

a772 
.730 
.730 
.750 
.700 
.736 
.736 
.740 
•  746 
.723 
.740 

18.0 
17.0 
12.0 
18.6 
28.5 
21.8 
10.5 
20.5 
21.4 
10.0 
17.2 

• 

a  Bofling  point  250*  C.  to  350*  C. 


^  Reralts  low,  due  to  insaffldait  oondeosatlon. 


EZPEBDCENTS  WITH  8-INCH  BY  lO-FOOT  TUBE. 

The  same  oil  was  cracked  in  a  number  of  experiments  in  an  8-inch 
by  10-foot  tube.  The  data  are  assembled  in  Table  67.  The  average 
percentage  of  gasoline  formed  is  only  18.8  as  compared  with  19.5 
in  the  smaller  tube.  In  the  larger  tube  the  average  rate  of  feed  was 
increased  from  22  gallons  to  30  gallons  per  hour.  The  greater  volimie 
of  gases  generated  placed  a  heavier  burden  upon  the  abeady  inade- 
quate condenser,  which  contributed  to  the  average  lower  yield 
obtained. 

The  low  percentage  of  gasoline  formed  is,  in  the  majority  of  yields 
reported  in  this  table,  clearly  due  to  the  excessive  rate  of  feed,  which 
did  not  allow  sufficient  opportunity  for  conversion.  When  the  rate 
of  feed  was  in  proper  relationship  to  the  temperatures  and  pressure, 
it  will  be  noted*  that  the  yield  of  gasoline,  despite  the  inefficient 
condensation,  is  considerably  higher  than  that  obtained  in  the 
laboratory  experiments  at  Colimibia  University.  The  decreased 
jrields,  however,  with  the  electrically  heated  furnace  were  due  to  the 
fact,  as  has  already  been  mentioned,  that  a  considerable  percentage 
of  the  volume  of  oil  used  was  necessarily  consumed  in  building  up  the 
operating  pressure.  The  quantity  so  consumed  would,  in  a  small 
charge,  constitute  a  serious  loss. 

Temperatures  above  575^  C.  are  shown  to  be  unfavorable  as  regards 
commercial  production  because,  although  a  reasonably  satisfactory 
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percentage  of  conversion  takes  place,  the  percentage  of  recovered  oil 
decreases,  indicating  that  too  large  an  amount  of  the  original  o3 
has  gone  to  make  fixed  gases  and  carbon. 

The  decrease  in  gasoUne  formation  at  high  rates  of  feed  is  clearly 
evidenced  by  a  study  of  the  results  for  a  given  temperature  and 
pressure.  The  tests  show  that  pressure  is  favorable  for  the  formation 
of  gasoline,  an  increase  of  3  per  cent  in  the  yield  being  obtained  at  a 
temperature  of  575^  C.  and  a  rate  of  24  gallons  per  hour  by  changing 
the  pressure  from  200  to  300  pounds  per  square  inch.  The  results 
in  general  bring  out  the  fact  previously  mentioned  that  temperatures 
of  from  500^  to  575^  C.  are  most  favorable  for  gasoline  production, 
all  factors  considered.    Table  67  shows  the  results  of  the  tests. 


Table  67. — Chuoline  farmed  from  eracHng  a  diitHUUe  oU^  in  a  mngle4ube  fitmaa 
{tube  8  inches  in  diameter  and  10  feet  long),  at  varying  temperaturee,  preetitres,  and 
rates  ofailfeed.^ 


Pressure, 

Rate  Of 

oUfeed, 

gallons 

per  hour. 

Ofl  recovered. 

GasoUne. 

Peroent- 

Num- 

Temper- 

pounds 

Percent- 

. •«•, 

ber  of 

ature, 

per 

age  in 

farmed, 

runs. 

•c. 

square 
inch. 

Percent. 

Spedflo 
gravity. 

recovered 
oU,to 

Spedftc 
gravity. 

on  basis  of 
original 

160*  C. 

oil,  up  to 
160^0. 

cut. 

cut. 

660 

60 

11 

81 

a820 

22.5 

0.74 

18.8 

660 

100 

25 

98 

.806 

16.8 

.74 

16.7 

650 

160 

17 

80 

.825 

29.26 

'.78 

28.4 

650 

150 

27 

[100]c 

.810 

18.0 

.76 

18.0 

676 

200 

24 

79 

.820 

22.8 

.76 

13.1 

660 

250 

12 

81 

.805 

26.8 

.76 

21.8 

660 

250 

22 

[98]« 

.800 

13.8 

.74 

13.8 

650 

250 

23 

70 

.860 

88.5 

.75 

96.9 

650 

250 

65 

85 

.836 

19.8 

.75 

16.8 

676 

250 

13 

75 

.820 

20.6 

.76 

15.3 

676 

250 

20 

70 

ftifi 

32.6 

.76 

22.8 

676 

250 

26 

66 

.825 

88.0 

.76 

85.8 

675 

250 

36 

84 

.814 

23.3 

.75 

19.0 

600 

250 

28 

75 

.816 

29.25 

.76 

21.9 

600 

250 

67 

80 

.839 

16.6 

.76 

18.0 

600 

250 

68 

81 

.841 

16.3 

.74 

13.2 

650 

250 

24 

70 

.830 

28.0 

.74 

19.0 

660 

276 

26 

78 

.815 

29.0 

.74 

22.6 

676 

276 

48 

75 

.816 

20.8 

.75 

15.6 

676 

276 

62 

75 

.816 

19.0 

.74 

14.3 

676 

300 

24 

70 

.820 

81.8 

.75 

21.9 

600 

800 

34 

80 

.816 

22.0 

.75 

17.6 

<■  Boiling  point.  260*  C.  to  360*  C;  specific  gravity,  0.817  (41.8*  B.) 
b  Results  low,  due  to  insuf&cient  oondensatkm. 
e  Obviously  experimental  error. 

TESTS  WITH   DISTILLATE    HAVING    BOILmG   POINT  OP   200*^  TO  300®  0. 

The  results  of  a  series  of  runs  in  a  6-iiich  by  9-foot  tube  with  a 
different  distillate  oil  are  given  in  Table  68.  The  average  yield  of 
21.5  per  cent  is  more  favorable  than  was  obtained  in  either  of  the 
other  series  of  experiments  reported  in  Tables  66  and  67.  The  higher 
temperatures  are  again  shown  to  be  unfavorable  for  gasoline  pro- 
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dnction.  A  satisfactory  degree  of  conrersion  at  such  temperatures 
is  offset  by  a  considerable  diminution  in  quantity  of  recovered  oily 
which  is  sufficient  to  condemn  their  use  in  a  commercial  plant. 

Table  68. — ChuolxTu  fctrmed  from  crcuMng  a  distUlate  oil  in  a  9ingle4ube  fumaoe  {tube 
6  inches  in  diameter  and  9  feet  long)  at  varying  jiresmreSf  temperaturee,  and  rates  of 
oilfeed,^ 


Nnm- 
berof 
runs. 

PnssoTe, 
pounds 

per 
sqoare 

inch. 

Temper»< 
ture,  •€. 

Rate  of 
oil  feed, 

perlioar. 

Penxint- 
ageofoil 
recov- 
ered. 

Oaaollne. 

Poroent- 

•gein 

recovered 

Percent- 
age 
formed, 
onbesJs 

Speoiflo 
gravity. 

oiL 

oforlgliial 
ou. 

126 

600 

18 

79 

88.0 

30.0 

a730 

125 
125 

650 
700 

12 
18 

86.0 
42L5 

.746 
.735 

66 

28.0 

250 
250 

550 
550 

25 
88 

91 
91 

11.2 
15.0 

ia2 

13.7 

.784 

250 

600 

19 

79 

30.0 

28.7 

.748 

8 

250 

600 

24 

80 

26.4 

2L1 

.736 

2 

250 

625 

18 

68 

86.5 

24.8 

.752 

2 

250 

625 

24 

73 

27.7 

20.2 

.738 

2 

250 

650 

20 

74 

29.8 

22L0 

.731 

1 

250 

650 

25 

71 

3L0 

22L0 

.745 

a  Results  low,  owing  to  insufficient  condensation. 

DISTILLATION  ANALYSIS  OP  ORIGINAL  OIL. 
[Specific  gravity,  a817;  first  drop  at  170*  C] 


Tempera- 
ture of  cut, 

•c. 

DistiUation  product. 

Remarks. 

Proportion 

of  original 

oll/by 

volume. 

Specific 
gravity. 

200 
250 
300 
850 
Residue. 

Peremt. 

ZO 

7.8 

57.0 

28.0 

5.3 

Stuck  at  290*  to  296*  C. 

a792 
.818 
.827 

TESTS  WTTH  PUBL  OIL. 

The  highest  average  conversion  figures  were  obtained  in  experi- 
ments with  a  distillate  fuel  oil,  data  for  which  are  presented  in  Table 
69.  The  average  yield  of  gasoline  is  nearly  3  per  cent  greater  than 
in  any  of  the  other  series  of  runs.  It  is  to  be  noted,  however,  that 
the  average  percentage  of  recovered  oil  is  lower.  It  is  evident  that 
in  these  runs  the  rate  of  feed  was  too  low  for  the  most  efficient  results. 
The  results  of  the  tests,  which  were  made  in  an  8-inch  by  lO-foot  tube, 
are  given  in  Table  69. 
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Table  (ll9.--Ch$oliine  formed  from  cracking  a  dUtiUale  fud  oil  in  a  n7igl&4ube  fumaet 
(tube  8  iruhee  in  diameter  and  10  feet  lona)  at  a  conetant  pressure  of  250  pounds  per 
square  inchj  with  varying  temperatures  ana  rates  of  oUfeed.^ 


atun. 

Rate  of 

oUfMd, 

gaUona 

per  hoar. 

PeromtaeB 
ofojl^ 
noowed* 

GaadUna. 

Peromteee 
inreooT- 
eredotL 

Peranta^ 
on  tMuis 
of  oriff- 
inaloB. 

Specific 
gravity. 

876 
875 

aoo 

636 
636 
660 
660 

700 

12 
16 
12 
12 
16 
12 
16 
16 

75 
79 
71 
77 
75 
74 
88 
80 

80.0 
25.1 
81.3 
40.0 
88.5 
86.3 
20.0 
30.5 

22.6 
10.8 
22.2 
80.8 
28.9 
26.8 
17.6 
26.0 

0.76 
.72 
.75 
.75 

.78 

A  Reenlts  low  owing  to  liMnfftcfant  oondcDaatkio. 

DISTILLATION  ANALYSIS  OF  ORIGINAL  OIL  USED. 
[Spedflo  gmrity,  0.915  (23*  B.);  first  drop  at  300*  C] 


Temper- 
ature 
of  out. 

DiBtlUatioa  product. 

Vokana. 

Propor- 

tionof 

ori^nal 

Spedflo 
gravity. 

•a 

850 
400 

85 
80 

Percent. 
42 
40 

0.85 
(ft) 

5jreUy-like. 
OONOLUSIONS  AS  TO  RESULTS  OF  TESTS. 

In  (Considering  the  figures  assembled  in  the  foregoing  tables,  it  must 
be  remembered  that  efficient  (X)ndensation  was  lacking.  The  work 
was  carried  on  during  intervals  when  benzene-toluene  experiments 
were  being  conducted  with  equipment  erected  to  obtain  indi(^tions 
as  to  benzene-toluene  reactions,  and  not  to  determine  maximum 
yields.  Accordingly  the  (K)ndensing  faciUties  were  of  the  (^rudest 
type.  The  results  can  be  considered  only  as  suggestive  of  what  can 
be  a(xx>mplished  under  proper  conditions.  Viewed  in  this  light  they 
are  of  a  distinctly  favorable  character,  and  justify  optimistic  belief 
in  the  large-scale  commercial  possibilities  of  the  process. 


OASOLZNB    FBOGESS    OOKPABBD    WITH    BENZENE-TOIiXTSNB 

FBOOBSS. 

In  comparison  with  the  benzene-toluene  process,  the  gasoline  pro- 
cess is  simple  in  character.  This  may  be  more  readily  perceived  by 
considering  the  order  of  hydrocarbon  reactions  as  given  below.  The 
relative  order  is  not  only  based  on  theory,  but  is  in  accordance  with 
the  evidence  gained  as  the  result  of  extended  series  of  tests. 
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Order  of  Hydrocarbon  Reactions. 

Heavy  petroleum  hydrocarbons  ^  Light  petroleum  hydrocarbouB 

(saturated  and  unsaturated). 

jr 

Gymene,  etc. 

jr 

Xylene, 

jr 

Toluene, 

jr 

Benzene, 

jr 

Naphthalene,  Diphenyl,  etc. 

jr 

Anthracene,  etc. 
Carbon.    Gas. 

The  conversion  from  heavy  hydrocarbons  into  lighter  hydrocarbons 
involves  only  one  step,  and  is  easy  of  accomplishment,  whereas  the 
conversion  into  the  lower  boiling  aromatic  hydrocarbons  requires 
that  the  heavier  hydrocarbon  molecules  xmdei^o  a  much  more  exten- 
sive series  of  changes  bef orq  the  desired  products  are  obtained.  This 
difference  will  indicate  why  the  mechanical  difficulties  experienced 
in  the  first  stages  of  development  of  the  benzene-toluene  process  are 
nonexistent  so  far  as  the  gasoline  process  is  concerned.  The  lower 
temperatures  necessary  and  the  greatly  decreased  quantity  of  carbon 
produced  eliminate  serious  trouble  from  overheating  and  clogging  in 
gasoline  manufacture. 

Because  of  the  greater  ease  with  which  gasoline  can  be  made  the 
installation  used  for  benzene-toluene  production  wiU  have  double  the 
capacity  when  used  for  conversion  of  heavy  oil  into  gasoline.  The 
duration  of  the  gasoline  reaction  is  less  than  half  that  required  for 
the  benzene-toluene  reaction  if  the  same  size  and  length  of  tubes  be 
used.  It  is  manifest,  therefore,  that  by  introducing  twice  the  volume 
of  oil  to  be  converted,  the  effect  will  be  the  same  as  decreasing  the 
time  factor  by  one-half. 

The  installation  if  used  solely  for  gasoline  production  can  be 
materially  changed  in  many  respects.  The  expensive  carbon  recep- 
tacles can  be  done  away  with,  and  the  height  of  the  furnaces  above 
the  ground  materially  reduced,  thus  lowering  the  cost  of  furnace  con- 
struction.   With  the  knowledge  that  has  been  gained  of  the  nature 
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of  the  reactions  in  the  formation  of  gasoline  and  benzene  and  tolueoe 
there  is  no  question  as  to  the  feasibility  of  both  processes. 

The  total  amount  of  gasoline  that  will  be  produced  from  a  given 
quantity  of  oil  depends  on  the  number  of  times  that  the  residuum 
above  the  gasoline  fraction,  after  primary  conversion,  is  rerun  through 
the  furnace.  Each  successive  rerunning  will  give  proportionatelj 
the  same  yields  of  gasoline  as  in  the  first  operation.  Aside  from  the 
amount  of  fixed  gases  produced,  and  the  very  small  amount  of  carbon, 
the  entire  quantity  of  original  oil  can  be  converted  into  gasoline.  In 
other  words,  on  the  basis  of  a  barrel  of  42  gallons,  33  to  37  gallons  of 
gasoline  can  be  recovered  in  from  three  to  four  runs. 

In  a  commercial  plant  it  would  probably  be  foxmd  advisable  to 
run  the  residuum  above  the  gasoline  fraction  back  into  the  storage 
tanks  from  which  the  original  oil  ia  fed  into  the  tubes.  This  is  a 
mere  matter  of  detail,  however,  and  there  is  no  reason  why  the 
residuum,  after  being  delivered  to  a  suitable  receiving  tank,  can  not 
be  fed  direct  into  the  tube  without  admixture  with  the  original  ofl. 

0ON0LT7SIONS  AS  TO  OA80LD7B  FBOGESS. 

The  laige-scale  experiments  have  fully  confirmed  the  laboratory 
experiments  and  established  the  fact  that  the  conversion  into  gaso- 
line can  be  even  more  satisfactorily  accompUshed  in  a  tube  of  greatly 
enlarged  diameter  and  increased  length  than  in  the  electrically 
heated  1^-inch  tube.  The  conditions  favorable  for  gasoline  produc- 
tion are  shown  to  be  the  same  in  the  larger  tubes  as  in  the  small 
tube,  namely,  a  temperature  of  approximately  600®  to  576°  C.  and 
a  pressure  of  250  to  300  pounds  per  square  inch. 

The  gasoline  process,  therefore,  can  justly  be  considered  as  a  suc- 
cess so  far  as  conversion  in  the  large  tubes  is  concerned.  The  adapta- 
tion of  the  unit  to  refinery  conditions  is  a  matter  of  mechanical  detail 
involving  no  inherent  difficulties. 

TKBMINATIOlf  OF  AGREEMENT  BETWEEN  GOTERNBIENT  AND  AETNA 

COBfPANT. 

Early  in  September,  1915,  the  Department  of  the  Interior  was 
advised  by  the  Aetna  Explosives  Co.  that  the  plants  were  completed 
for  the  production  of  explosives  from  benzene  and  toluene  obtained 
by  the  process  of  oracking  in  the  vapor  phase.  In  accordance  with 
the  express  imderstanding  between  the  company  and  the  bmreau, 
this  necessitated  the  severance  of  the  cooperative  relations  existing. 
This  imderstanding  was  had  to  obviate  any  objection  due  to  the 
utilization  of  Government  employees  in  work  involving  the  prepara- 
tion of  explosives.  On  the  receipt  of  the  above-mentioned  notifica- 
tion, the  Secretary  of  the  Interior  accordingly  advised  the  Aetna 
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company  that  the  contract  would  be  terminated.    The  Secretary's 
letter  to  this  effect  is  given  below: 

August  24,  1915. 
Mt  Dear  Mr.  Moxham:  In  accordance  with  your  telephonic  notice  that  you 
regard  yourselves  as  now  prepared  to  manufacture  toluol  and  benzol  upon  a  com- 
mercial basis  by  use  of  the  Rittman  process,  I  beg  to  advise  you  that  from  this  time 
forward  the  agreement  entered  into  between  your  company  and  myself  is  at  an  end. 
This,  as  you  know,  is  in  accordance  with  the  understanding  that  we  had  that  this 
plant  was  not  to  be  used  by  us  for  any  other  than  experimental  purposes,  and  no 
employees  of  this  depitrtment  will  further  assist  you  in  an  effort  to  produce  benzol 
and  toluol. 

Upon  the  issuance  of  the  patent  a  license  agreement  will  be  made  to  your  company, 
in  accordance  with  our  previous  imderstanding.    In  the  meantime,  I  am  inclosing 
you  a  permit  to  use  the  process. 
Very  truly  yours, 

(Signed)  Franklin  E.  Lane. 

Mr.  A.  J.  Moxham, 

President  The  Aetna  Explosives  Co.  {Inc.), 

2  Rector  Street,  New  York  City,  N.  Y. 

The  president  of  the  Aetna  Explosives  Co.  responded  to  this  com- 
munication as  follows: 

Aetna  Explosives  Company,  Inc., 

President's  Officb, 
t  Rector  Street,  New  Torh,  September  10, 1916. 
Hon.  Franklin  K.  Lane, 

Secretary  of  the  Interior,  Washington,  D.  C. 
Mt  Dear  Mr.  Lane:  In  view  of  your  recent  letter  advising  of  the  termination  of 
the  agreement  between  this  company  and  the  Department  of  the  Interior,  for  the 
development  of  the  Rittman  benzol  process,  I  thought  this  might  be  an  opportune 
time  for  us  to  advise  you  as  to  our  judgment  concerning  the  present  status  of  this 
process. 

We  believe  that  the  progress  thus  far  made  in  the  development  of  the  process  has 
been  such  as  to  justify  our  placing  the  plant  on  a  commercially  operative  basis.  We 
have  just  completed  arrangements  to  put  this  into  effect. 

It  is  true  that  there  still  remain  various  refinements  which  are  to  be  worked  out 
and  installed  in  order  to  achieve  the  best  possible  results.  Nevertheless,  there  seems 
to  be  no  doubt  in  the  minds  of  our  staff  at  Pittsburgh  as  to  the  successful  outcome 
of  the  process.  It  is  our  belief  that  within  a  few  weeks  it  will  be  supplying  benzol 
and  toluol  in  quantities,  and  we  feel  very  sure  that  greatly  improved  results  will 
follow  the  refinements  which  are  now  being  installed. 

I  take  this  occasion  to  assure  you  of  our  appreciation  of  the  helpful  attitude  of  the 
department,  and  of  the  assistance  extended  by  it  during  the  development  period. 
With  kind  regards,  very  truly,  yours, 

(Signed)  A.  J.  Moxham, 

President. 

SUCCESS  OF  BENZENE-TOLUENE  PROCESS. 

In  view  of  this  oommunication,  as  well  as  the  results  of  the  large- 
scale  operations,  which  have  been  given  in  detail,  there  can  exist 
little  doubt  as  to  the  success  of  the  benzene-toluene  process  on  a 
commercially  operative  scale.    It  has  been  proved  that  benzene  and 
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IK««ibiljtie8  in  large^ale  operations  would  stifl  remain  a  matter  of 
conjecture  and  theory. 
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TABLBS  OF  BBnaUDfOB. 

For  convenience  of  reference  a  number  of  tables  are  giren  which 
contain  figures  of  use  to  oil  men.  The  Fahrenheit-centigrade  con- 
version table  (No.  71)  is  for  approximate  transformations.  Table  70, 
for  converting  Baumd  degrees  to  specific  gravities,  is  taken  from 
Van  Nostrand's  Chemical  Annual.  It  makes  use  of  the  Baimi6  scale, 
approved  by  the  United  States  Bureau  of  Standards,  which  is  in 
general,  though  not  imiversal,  use  among  oil  men  in  this  country. 
The  use  of  Baumd  degrees  as  a  measure  of  specific  gravity  is  to  be 
deplored,  as  the  scale  is  not  based  on  any  simple  principle,  and  in 
addition  is  not  definitely  fixed.  At  least  one  set  of  tables,  largely 
used  by  oil  men,  employs  a  scale  different  from  that  officially  accepted. 
The  use  of  Baumd  readings  ia,  however,  so  firmly  estabhshed  that 
there  is  httle  hope  that  the  scale  will  be  replaced  by  the  more  logical 
system  of  specific  gravities  which  represent  ratios  based  on  the  den- 
sity of  water. 

Tables  72  to  83  include  data  concerning  the  properties  of  various 
hydrocarbons  which  may  be  of  importance  to  those  who  work  with 
petroleum.  All  of  these  tables  are  taken  directly  from  Redwood's  ^ 
treatise,  except  Table  72,  which  is  from  an  article  by  Rittman  and 
Egloff  ^  containing  figures  collected  from  various  sources. 

Tablb  70. — Convertion  table — Baumi  degrees  {American  standard)  to  specific  graviAes 
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[Speolflo  gnvlty  -     *2!b*  ^^  UQ^^^  Ugbter  than  water.] 


DogreM 

Spedflo 

Degrees 

Specific 

Degrees 

Spedflo 

Degrees 

Speelflo 

Bauiii6. 

gravity. 

Baaing 

gravity. 

Baum^ 

gravity. 

Baam& 

gravity. 

10 

1.000 

31 

0.870 

51 

0.778 

71 

0.606 

11 

.003 

32 

.864 

52 

.760 

72 

.603 

12 

.986 

33 

.850 

53 

.766 

73 

.090 

13 

.979 

34 

.854 

54 

.761 

74 

.096 

14 

.972 

36 

55 

.757 

75 

.683 

15 

.966 

36 

.843 

66 

.753 

76 

.680 

16 

.959 

37 

.838 

57 

.749 

77 

.676 

17 

.952 

38 

.833 

58 

.745 

78 

.673 

18 

.946 

39 

.828 

59 

.741 

79 

.670 

10 

.940 

40 

.823 

60 

.737 

80 

.667 

30 

.933 

41 

.819 

61 

.733 

81 

.664 

21 

.927 

42 

.814 

62 

.729 

82 

.660 

23 

.931 

43 

.809 

63 

.726 

83 

.657 

23 

.915 

44 

.805 

64 

.722 

84 

.654 

34 

.909 

45 

.800 

65 

.718 

85 

.651 

25 

.903 

46 

.705 

66 

.714 

86 

.648 

36 

.897 

47 

.791 

67 

.711 

87 

.645 

37 

.802 

48 

.786 

68 

.707 

88 

.643 

38 

.886 

49 

.782 

60 

.703 

89 

.630 

39 

.880 

50 

.778 

70 

.700 

90 

.636 

30 

.876 

a  Redwood,  Boverton,  Petroleam,  London,  vol.  1, 1913,  pp.  243-245,  24fr-2S0,  355-256;  voL  2,  p.  302. 
^  Rittman,  W.  F.,  and  Egloit,  Onstav,  Physical  constants  of  gas  oils  and  derived  tars:  Jour.  Ind.aiid 
Bng.  Chem.,  vol.  7,  June,  1915,  pp.  481-484. 
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Table  71. — Ctrnvenicm  VoibU^  eentiffrade  to  Fahrenheit  degrees. 


Centigrade 

Faluranhelt 

Centigrade 

Fahrenheit 

degrees. 

degrees. 

degrees. 

degrees. 

-30 

-4 

225 

437 

-10 

U 

250 

482 

0 

32 

875 

527 

10 

fiO 

aoo 

572 

30 

68 

350 

662 

ao 

86 

400 

752 

40 

104 

460 

842 

SO 

122 

600 

932 

60 

140 

560 

1,022 

70 

158 

600 

1,112 

80 

176 

650 

1,202 

90 

194 

700 

1,292 

100 

212 

750 

1,382 

125 

257 

800 

1,472 

lO) 

302 

850 

1,562 

17fi 

347 

900 

1,652 

200 

302 

Table  72. — Physioal  properties  of  various  oU  mid  tar  constUuents. 


Constituent. 


Farafflns: 

Heanne 

Heptane 

OcCane. 

Nonane 

Decane 

Tetradecane 

Hezadecane 

Octodecane 

Olefins: 

Hexylene 

Octylene 

Decylene 

Aromatio  hydrocarbons: 

Beiuene 

Toluene 

Ethyl  benxene 

o-zylene 

m-xylene 

p-zylene 

K*propyl  benzene. . . 

Iff^nopyl  benzene. . . 


Mesityiene. 
Pseudocumene. 


Cymene 

Isobutyl  benzene. 
Naphthenes: 
Cydohexane. 


Metiiylpentamethylene 
Methylnezamethylene 


I«>hexamethylene. 

Dimetbylpentamethylene 

Hexahydro-m-xylene 

Ethvl  cydohexane 

1. 3  olmethylhexamethylene 

1, 1  dlmethylhexamethylene 

1. 4  dlmethylhexamethylene . . . . 
3-methyI-l,  2, 5-hexamethylene. 

1, 3, 5-tnmethyIcyclohexane 

Mononaphthene. 

1, 3  dietnylhexamethylene 

laobutylcydohexane 


Boiling 
point 


92 

136 


68 
to  94 

125.5 

to  138 

173 

al36 

a  151 

a  174 


80.4 
110.3 
134.0 
142.0 
139.0 
138.0 
158.5 
153.0 
164.5 
170.0 
175.0 
167.0 


Spedflo 
gre^lty. 


a666 
.700 
.707 
.740 
.728 
.770 
.780 
.779 

.689 
.726 
.773 

.876 
.871 
.875 
.885 

.869 

•  900 

.886 
.863 
.865 


.862 

.872 

.779 
.760 
.769 
.756 
.754 
.758 
.799 
.760 
.773 
.760 
.781 
.788 
.773 
.796 
.804 


Refractive  index 
at  — •C. 


Temp. 


14.8 

15.0 

15.1 

15.0 

14.9 

20.0 

20 

27 

15.2 

16 

17 

20 

14.7 

14.5 

14.1 

15.7 

14.7 

15.7 

15.1 

14.6 


13.7 

17.5 

19.5 
20.0 
20.0 
19.0 
20.0 
17.0 

4.0 
20.0 
18.0 
20.0 
20.0 

4.0 
16.0 
22.0 
21.0 


Value. 


1.378 
1.404 
1.401 
1.421 
1.411 
1.431 
1.436 
1.439 

1.400 
1.416 
1.439 

1.501 
1.409 
1.409 
1.508 
1.500 
1.499 
1.494 
1.495 
1.407 
1.507 
1.511 
1.406 

1.427 
1.411 
1.424 
1.418 
1.413 
1.410 
1.433 
1.423 
1.424 
1.424 


1.426 
1.433 
1.439 
1.447 


17945'— 1( 


•  At  12  mm.  pressure. 
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Tablb  73. — Propertiti  of  panffini  from  PenntylvoTtia  petroltam. 


PIntMrtas. 

— 

Symbol. 

» 

sw 

,«. 

Bymbd. 

»■ 

Bp»IBe 
ST.? 

,K. 

1 

•c. 

1 

S.OU 
1.U7 
J.9B 

1 

is 

.730 

Si 

i:8S 

Tablb  71. — Prapertu$  of  l^fdroearbotu  tn  Pfniuylvoma  p«(roInim. 


. 

STinbol. 

BoWm  point. 

'X'?' 

' 

•c. 

•G 

SsigEi;;:: 

g^sr^'"""""'"-^ - 

Tablb  7S.— PropcrltM  o/  hjiAvearbam  tn  OMo  { TVenton  Itm««ton«)  p«troJ«u(n. 


SwiM. 

Bymbol. 

ss- 

uwhkH 

SpteUla 

ISJ-IM 
l«4'lSg 

II 

irm. 

30 

s 

so 

30 
30 
90 

»i 
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Tablb  7^,— Properties  of  hydrocarbons  in  Canadian  petroleum. 


Compoimd. 


Hydrocarbon. 

Chloride 

Hydrocarbon. 

CUorlde 

Hydrocarbon. 

Chloride 

Hydrocarbon. 
Chloride 


SyndaoL 


CitHft 
CitHaCl 

CuHm 
CuHsCl 

CmHss 
Ci4HfiCl 

CiftHjo 
CuHsCl 


Boiling 
point. 


•C. 

216 

160 
22»-230 

165 
141-143 

180 
150-160 

190 


Pressure 

at  which 

boiling 

point  was 

recorded. 


Jfin. 


15 


50 
15 
50 
15 


Spedfle 
gravity  at 


0.9145 
.8067 
.0221 
.8096 
.9288 
.8192 
.9358 


Table  77. — Properties  of  hydrocarbons  in  California  petroleum. 


Symbol. 

Bofling 
point  at 
IK)  mm. 
pressure. 

Speoiflo 
gravity 
at20''C. 

-      C«Hm 
CmHm 
CuHm 
CisHts 

CmH«4 

CffH« 
CHm 

160^155 
175-180 
190-195 
210-215 
260-255 
810-315 
340-345 

a8621 
.8808 
.8019 
.8996 
.9290 
.9451 
.9778 

Table  78. — Properties  of  naphthenes  from  petroleum. 


Symbol. 


Source  and  authority. 


C«His 
CrHu 

CiHis 
CiHis 


CuHm 


CtiHtt 
CiAi 
CuHa 
CiAo 


/Hexahydrobencene  (K^ner) , 

\Russian  petroleum , 

Hexahydrotoluene  (Lessen) 

Russian  petroleuuL , 

From  the  products  of  dry  distillation  of  colophony 
(Renard) 


Hexahydro-m-xylenejfWreden). 
Russian  petroleum  (Wreden). . . 

From  oolophoay 


fHexahydromesitylene  (Bayer).. . 
iHexahydrocumane  (Konowalofl) 
^  From  petroleum 


Hexahydropropylbencene  (Tchitchibabin). 
Dodecahydronaphthalene  (wreden) 

From  petroleum 

do 

From  menethene 

Fromterpene  hydrate 

FTOmcamphor  (Starodubsky) 

Tetrahydroterpene  (Orloff) 

From  petroleum 

....do 

....do 

....do 


Boiling  point. 


C. 


69 


97 


95   to  98 

115   to  120 
122   to  124 

120   to  123 

135  to  138 

135  to  138 

135  to  136 

140  to  142 

153  to  158 

160  to  162 
168  to  170 
168.5  to  170 
168.5  to  170 
167  to  169 
162  to  167 
170  •«  to  181 
197 
240  to  341 
246  to248 


Specific  navity  at 


0.7580 
.772 

.742 


20^ 
20* 


.777 
.7885 

.764  igo 

.7812 

.7808 

.7811 

.802 

17.40* 

.  7808  ^o 

.8073  toa814  ||; 
15» 

.797ip 

0* 
.8U4  5y 

0» 
.806  57 

8019^^ 

^^  1&4» 
.8120-450- 

.8216  -555- 

18.8* 
.8210-40^ 
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Tablb  79.— PropotiM  of  C^fl^-^t  h^drocarhom. 


BymboL 


C4H  1,(190) 

CtHis(iianiial). 


CiHiiffao) 

CtHi4  (normal). 

CiHi4(iso) 

CrHiainormaL. 

C7Hw(iso) 

C$Hit  (normal). 

CiHn(lao) 

CpHn  (normal). 
CioHa  (normal). 

C.Ha(iso) 

CiiHm 

CisHm  (normal). 

C11H18 

CmH» 

Ci»Hij 

CieH« 

CitHh 

C,.H». 

Ci»H« 

CnH4« 

CnH^e 

C»H« 

Culho 

C»H«, 

ChIIm 

CbHm 

CtiH« 

CuHi, 

CmH» 

ChHti 


Spwiflc  gravity. 


0.625O-35*/25* 
.6261— 0*/4*.. 
.6454-0'/4*.. 
.63fl^-074'— 
.6771~0*/4*.. 
.673a-0V4'... 


.fl96»-0*/4-... 

.7188— ao'/ao*. 
.7180— ao*/2o*. 


.747»-20*/20*. 
.7467— 20*/3D'. 
.7581— 20*/20*. 

.7676— a^/a". 

.7834— 20»/20'. 
.7814— 20*/20^. 
.789fr-20*/20*. 
.7911— 20'/W. 
.800(>-20'/3D*. 
.8017— 20'/20». 
.812a-20'/W. 


.7796-16". 

.7900—60". 

.7902-60". . 

.7941—60". 

.7977—60". 

.7945—70"., 

.7992—70".. 

.8005-75".. 

.8009-80".. 

.80053-80". 


tire 
fndffic 


1.451 

1.436 

1.4413 

1.4413 

1.4435 

1.440 

1.4522 


Bofllng 
point. 


0 

80.8 


87.06 

08.95 

61.00 

98.40 

90.30 

135.00 

110.50 

151.00 

163-164 

173-174 

196-197 

314-216 


236-238 
356-257 
274-275 
288-289 
3QO-301 
310-213 
230-331 
340-242 
258-261 
272-274 
280-282 
292-294 
810-313 
328-330 
343-315 
366-368 
880-384 


760 
TOO 


Mdtfaig 
point. 


711 

711 

711 

711 

711 

760 

760 

760 

760 

760 

760 

760 

760 

700 

760 

760 

760 

760 

50 

50 

50 

50 

50 

50 

50 

60 

60 

60 

50 

60 


Antbority. 


10 

90 

33-34 

40^1 

44 

45 

48 

53-54 

68 

60 

66 

68 

T2 

76 


Y0UII& 


Toung. 

Do. 

Do. 

Do. 

Do. 

Do. 
Uabcry. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


a  Specific  gravity  at  25"  C,  compared  with  that  of  water  at  25*  C. 


Tablb  80. — Properties  of  certain  monocyclic  polymethylenes  and  hydrocarbons, 

M0N0CYC5LIC  POLYMETHYLBNES  C,Hte. 


Symbol. 


CbHu 
C«Hi, 

C7HM 
CtHm 


Compomid. 


Fentamethylene 

Methylpentamethylene 

Hexamethylene 

Dimethylpentamethylene. . . 
Methylhexamethylene 


Spedflo  graTity. 


0.7000  at  0»/4".. 
0.7660  at  0"/4"., 
0.7722  at  0"/4".. 
0.7543  at  20"/4". 
0.7964  at  20"/4", 


Re&fao- 
tlve 


Boning 
point. 


'C. 

50 

72 

80.6 

94 
102 


Pressore, 


Mm, 
700 

700 
760 
760 
760 


Authority. 


Yoong. 
Do. 
Do. 
Do. 
Do. 


HYDROCARBONS  C,H».. 


C«H« 
CSSH44 
C«H4a 
C«H« 
CieH*i 


0.8424  at  20"/20". 
0.8262  at  20"/20"., 
0.8569  at  20"/20"., 
0.8598  at  20"/20". . 
0.8580  at  20"/30"., 


1.454 
1.4714 
1.4726 
1.4725 


240  to  242 
258  to  260 
272  to  274 
280  to  282 


50 
50 
50 
50 


Kabery. 
Do. 
Do. 
Do. 


HYDROCARBONS  C:,Hto^. 


CsrHts 
r«HM 


0.8688  at  20»/20"... 
0.8694  at  20"/20". . . 


1.4722 
1.4800 


290  to  294 
310  to  813 


50 
50 


Mabeiy. 
Do. 
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Table  81. — Solid  hydrocarbons  in  Penruylvania  petroUwn  and  their  physical  properties. 


Hydiocarbon. 


Tetracoeane..... 
Heotrloontaiie. . 
Dotricontane... 
Tetratrtoontaiie. 
PentatrksQDtane 


Symbol. 


CmHm 
ChHm 

ChHm 
CmH« 

C»Hn 


Melting 
point. 


•  C 
60  to  61... 

66 

67  to  68... 
71  to  72... 
76 


Spedflc  gravity. 


0.7900  at  60''C. 
0,7W7at70»C. 
0J005at76'C. 
0.8009  at  80*  C. 
0.8052  at  80*  C. 


Tabls  82. — Hydrocarbons  in  commercial  paraffinSy  and  their  physical  properties. 


Hydrocarbon. 

Symbol. 

Melting 
point. 

Specific 
gravity  at 

THcOWttlf* T ..  T .,,,--  - 

CmHm 
C«Hm 
C»Hm 
CHu 
C»H«a 

•a 

48 
60-61 
68^ 

66-66 

60 

63-63 

a788a 

T^tmcoflane     ,  -  - ,  n  t  - 

PentftMWBiift . . . . .  r , , .  - . . 

.7941 
.7968 

Hf^xamxmn^  -   ,  r  - . 

OctooowHie T  r . 

NfltlO<M)«RTie  T  -,.....  T ,    . 

Table  83. — Relation  of  specific  gravity  to  melting  point  of  paraffins. 


Sam- 
le 
o. 


fi! 


1 
2 
8 
4 

6 
6 

7 


Origin  of  sample. 


Shale  oil 

....do 

....do 

....do 

American  petroleum . 

Ozokerite 

Rangoon  tar 


Specific  gravity  of 
paraflSn. 


Solid  at 
16.6"  C. 


a8666 
.8961 
.9000 

.9111 
.9083 


.8831 


Liquid  at 
99*  C. 


a  7481 
.7494 
.7517 
.7672 
.7636 
.7681 
.7671 


Solidifying 
point  of 
paraffin. 


•C. 
44.0 
47.0 
62.0 
6&6 
68.8 
61.6 

4ao 


CHARACTEE  OF  BIBLIOGKAPHT. 

A  general  review  of  the  literature  relating  to  the  manufacture  of 
gasoline  and  benzene  and  toluene  by  the  cracking  of  heavy  hydrocar- 
bons has  not  been  attempted  by  the  authors,  as  such  a  review,  how- 
ever valuable  in  and  of  itself,  would  have  consumed  too  much  time 
and  space. 

In  lieu  of  such  a  review,  Mr.  M.  S.  Howard,  librarian  in  charge 
of  the  Pittsburgh  library,  Bureau  of  Mines,  has  compiled  and  ar- 
ranged a  comprehensive  bibUography  of  the  subjects  relevant  to 
the  discussion  in  this  paper.  The  bibliography  deals  with  the  litera- 
ture pertaining  to  the  recovery  of  benzene,  toluene,  and  related  prod- 
ucts from  coal  distillation;  with  that  relating  to  methods  of  analy- 
zing and  purifying  these  substances;  and  with  that  pertaining  to  the 
production  of  gasoline  and  aromatic  hydrocarbons  from  petroleum. 
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It  has  been  deemed  advisable  to  repeat  references  to  articles  of  gen- 
eral character  that  treat  of  more  than  one  subject. 

The  fact  that,  as  far  as  is  known;  no  previous  attempt  has  been 
made  to  compile  a  complete  and  comprehensive  list  of  references 
dealing  with  all  phases  of  the  production  of  benzene  and  toluene 
and  the  decomposition  of  heavy  hydrocarbons  into  low-boiling 
gasoline  hydrocarbons,  should  make  the  bibliography  of  value  to 
workers  in  these  fields. 

The  bibliography  contains  the  important,  easily  accessible  refer- 
ences from  1890  to  September,  1915,  on  the  recovery  of  benzene, 
toluene,  and  xylene  from  coal  distillation,  and  nearly  all  references 
of  value  before  1890.  The  section  on  the  production  of  benzene 
and  toluene,  and  gasoline,  from  petroleum  contains  all  references  of 
value  that  came  to  the  authors'  notice  to  September,  1915. 

References  to  analytical  methods  for  determining  pure  hydro- 
carbons are  in  general  not  included,  except  those  containing  material 
on  the  detection  or  elimination  of  impurities  in  the  crude  products. 

Attention  is  called  to  the  words  benzol,  benzene,  toluol,  and 
toluene,  which  are  spelled  as  in  the  article  or  paper  cited. 
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England  are  discussed,  and  the  yield  of  by-products,  coke,  oils,  and  am- 
moniacal  liquor  is  described. 

6. Products  of  coal  distillation.    Jour.  Gas  Lighting,  vol.  130,  Apr.  27, 1915, 

pp.  205-209;  Jour.  Soc.  Chem.  Ind.,  vol.  34,  May  31, 1915,  pp.  540-Ml;  Proc. 
South  of  Wales  Inst.  Eng.,  vol.  31,  July  23,  1915,  pp.  290-315.  A  long 
article  on  carbonization  of  coal  in  Great  Britain  and  in  Germany.  The 
average  amount  of  benzol  in  gas  is  1  per  cent  by  volume  or  225  gallons  per 
100  tons  of  coal  carbonized,  but  general  yield  in  practice  is  1)  to  3  gallons 
per  ton.  Crude  benzol  carries  10  to  25  x>or  cent  toluene,  and  an  average 
yield  of  12.5  per  cent  of  pure  toluene  may  be  expected.    One-third  of  the 
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benEol  in  coal  gas  may  be  reoovared  without  unduly  impoveriahlng  the  gae. 
On  this  basis  the  United  Kingdom  could  produce  from  gas  works  12,000,000 
gallons  of  benzene  per  annum,  and  from  coke  ovens  60,000,000  gallona. 

7.  0.  M.  G.    Practical  points  in  benzol  recovery.    Gas  World,  vol.  59,  Oct.  4, 1913, 

Coke  section,  pp.  11-12.  Emphasizes  need  of  using  a  good  scrubbing  oU  in 
benzol  recovery  and  gives  specifications.  The  scrubbing  oil  should  be  renewed 
regularly,  a  content  of  5  per  cent  of  benzol  in  the  oil  being  the  TnaTimiiin 
allowable  for  efficient  working.  The  debenzolized  oil  should  never  contain 
more  than  0.5  per  cent  of  benzol.  Steam  pressure  sufficient  to  give  a  tem- 
perature of  135**  C,  either  in  the  superheater  or  the  still  itself,  should  be 
maintained.  The  temperature  of  the  oil  in  the  scrubberB  should  be  kept 
near  20''  G. 

8.  Chariot,  — ,  and  Urbain,  — .    The  market  value  of  light  oils  and  other  con- 

stituents  of  tar.  Jour.  Gas  Lighting,  vol.  131,  July  20,  1915,  pp.  120-121. 
Discusses  English  light-oil  products  and  their  values.  At  a  temperature  of 
60^  F.  (15.6^  G.)  at  the  ouUet  of  the  extractor,  with  good  amtact,  the  amount 
of  light  oils  produced  from  gas  is  greatly  increased,  and  practically  all  of  the 
toluene  is  extracted,  but  the  lowest  temperature  at  which  aU  of  the  benzene 
can  be  extracted  by  tar  washing  has  not  been  determined.  Gives  hints  on 
cooling  the  gas  and  tar. 

9.  Cooper,  G.  S.    The  by-product  coking  industry  and  its  relation  to  the  manu- 

^ture  of  iron  and  steel.  Jour.  Iron  and  Steel  Inst.,  vol.  90,  pt.  2,  1914, 
pp.  17-51;  Engineering,  vol.  98,  Oct.  9, 1914,  pp.  457-461.  Discusses  benzol 
recovery  from  coke-oven  gases.  Two  to  three  gallons  of  crude  spirit  is  gen- 
erally recovered  from  a  ton  of  coal.  Gives  details  of  absorption  of  benzol 
in  creosote  oil,  and  of  distillation  of  the  resulting  crude  products. 

10. Modem  by-product  coking.    Coll.  Guaid.  vol.  106,  Oct.  31,  1913,  pp. 

903-905;  Trans.  Inst.  Min.  Eng.,  vol.  48,  January,  1915,  pp.  427-439.  Dis- 
cusses Koppera  process.  The  yield  of  by-products  from  100,000  tons  of  coal 
is  given  as  follows:  Coke  70,000  tons,  tar  5,000  tons,  sulphate  of  ammonia 
1,500  tons,  benzol  1,000  tons,  surplus  gas  550  million  cubic  feet.  Benzol  is 
now  universally  recovered  by  absorption  in  creosote  oil.  General  yield  is  2 
to  3  gallons  of  crude  spirit  per  ton  of  coal. 

11.  Recovery  of  benzol  from  coal  gas,  and  its  use  as  a  motor  fuel.    Jour.  Gas 

Lighting,  vol.  120,  Nov.  12,  1912,  p.  502.  Crude  gas  from  oveo8»  after  tar 
and  ammonia  are  extracted  at  50^-70^  G.  is  cooled  to  about  20^  C,  and  passed 
through  scrubbers  down  which  a  stream  of  creosote  oil  jBows.  The  wash  oil 
should  have  a  density  of  1.03  to  1.05,  and  should  distill  as  follows:  5  to  15  per 
cent  up  to  230°  C,  70  to  80  per  cent  up  to  300°  C.  It  must  contain  no  water, 
and  not  over  10  to  20  per  cent  of  naphthalene.  Details  of  the  recovery  of 
benzol  from  the  wash  oil,  with  exact  temperatures,  are  given.  Testing  ben- 
zol by  distillation,  and  particularly  the  position  of  the  thermometer  bulb  is 
discussed.  With  the  best  methods  and  with  the  best  coal,  2|  gallons  of  ben- 
zol per  ton  of  coal  carbonized  is  the  mftTimiim  yield. 

12.  Crttchley,  J.  S.    Benzol  as  a  motor  fuel.    Gas  World,  vol.  59,  Nov.  1, 1913, 

Coke  section,  p.  15.  Discusses  the  production  of  benzol  in  Germany  and  in 
England.  According  to  Thomson  the  heat  value  of  benzol  is  18,188  B.  t.  u., 
but  some  authorities  give  20,000  B.  t.  u.  The  heat  values  per  gallon  are, 
benzol  158,000  B.  t.  u.,  petrol  about  140,000  B.  t.  u.  In  actual  practice 
benzol  gives  about  20  per  cent  increase  in  mileage,  and  12  to  15  per  cent 
more  power.  Long-stroke  motors  and  a  compression  ratio  of  9  to  10  are 
advocated. 

13.  Davis,  G.  E.    The  distillation  of  coal  and  recovery  of  hydrocarbons  from  the  gas. 

Jour.  Soc.  Chem.  Ind.,  vol.  2,  Dec.  29, 1883,  pp.  515-^25.    Contains  valuable 
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material  on  the  early  hiatory  of  coal  distillation,  especially  in  England. 
Davis  absorbed  the  benzene  from  gas  by  an  oil  taken  off  between  creosote 
and  anthracene  oil,  and  states  that  4}  gallons  of  crude  benzene  per  ton  of 
coal  was  the  average  yield.  The  temperature  of  absorption  was  40°  F. 
(4.4°  C.)-  The  liquid  boiling  up  to  150°  G.  was  fractionated  and  the  results 
are  given. 

14.  Dates,  G.  £.    A  note  on  the  extraction  of  benzene  from  coal  gas.    Jour.  Soc. 

Ghem.  Ind.,  vol.  3,  June  10, 1884,  pp.  43^-433.  Gontains ashort  account  of  the 
early  history  of  benzene  extraction.  Author  tried  cooling  with  unsatisfactory 
results,  as  ordinary  gas  may  be  cooled  many  degrees  below  zero  without  de- 
positing any  great  amount  of  benzene,,  but  compressing  to  about  200  pounds 
per  square  inch  yielded  6  ounces  of  benzene  from  1,000  cubic  feet  of  gas. 

15.  Dbville,  S.  G.    Studio  dber  das  Steinkohlengas.    Jour.  Gasbel.,  Jahig.  32, 1889, 

pp.  652-659,  690-698,  735-743.  First  paper  reviews  existing  knowledge  on 
benzol  content  of  illuminating  gas,  describes  methods  of  detennining  benzol 
content,  and  gives  tables  of  analyses.  Second  and  third  papers  treat  of  the 
influence  of  composition  of  coal,  and  of  temperature,  on  the  production  of 
benzol,  toluol,  and  xylol. 

16.  Diamond,  W.    Recovery  and  fractionation  of  benzol  products  from  coal  gas. 

Gas  World,  vol.  62,  1915,  pp.  532-^33;  Jour.  Gas  Lighting,  vol.  130,  1915, 
pp.  267-270;  Iron  and  Goal  Trades  Rev.,  vol.  90,  1915,  pp.  638-639.  To 
insure  maximum  recovery  of  benzol  from  coal  gas,  the  specific  gravity  of 
the  washing  oil  should  be  between  1.04  and  1.06;  when  it  reaches  1.06,  the 
oil  should  be  rejected.  Goal-tar  creosote  absorbs  5  times  as  much  benzol  as 
does  filtered  anthracene  oil.  The  water  content  of  the  washing  oil  should 
not  exceed  1  per  cent.  By  reducing  the  temperature  of  the  gas  below  15^  G. 
and  that  of  the  washing  oil  to  0°  G.,  absorption  is  increased  by  20  per  cent, 
but  the  cost  is  prohibitive.  The  extraction  of  2.1  gallons  of  benzol  from  gas 
per  ton  of  coal  decreases  the  calorific  value  of  the  gas  4.5  per  cent;  removal 
of  2.5  gallons  decreases  it  7  per  cent,  and  3  gallons  8  per  cent. 

17.  DoHEBTT,  H.  L.    Benzol  from  coal  gas.    Engineering,  vol.  95,  May  16,  1913, 

pp.  676-677.  Benzol  could  be  recovered  from  coal  gas  by  scrubbing,  and 
could  be  made  more  cheaply  with  improved  coke  ovens  than  with  gas  retorts. 

18.  DoHBRTT,  H.  L.,  and  BurrERriELD,  W.  J.  A.,  and  others.    Motor  spirit  from 

coal  gas.  Jour.  Gas  Lighting,  vol.  122,  May  20,  1913,  pp.  517-518.  Treats 
of  the  importance  to  the  automobile  industry  of  benzol  recovery  from  gas 
works.  Removal  of  the  benzol  from  ordinary  coal  gas  would  reduce  the 
calorific  power  of  the  gas  6  or  7  per  cent  and  necessitate  an  additional  vol- 
ume of  gas  for  the  same  price,  but  removal  would  be  extremely  profitable 
under  existing  conditions. 

19.  Donate,  £.    Die  Gewinnung  des  Benzols  bei  der  Vercokung  der  Steinkohlen. 

Oest.  Ztschr.  Berg-Hat.,  Jahig.  41,  Dec.  23,  30, 1893,  pp.  637-641,  649-653; 
Jour.  Iron  and  Steel  Inst.,  vol.  45, 1894,  pp.  463-465.  Discusses  the  chendstry 
of  benzene,  and  production  of  benzol  from  coke-oven  gases.  Details  of  blow- 
ers, absorption  towers,  reservoirs,  and  cooling  apparatus  are  given,  and  costs  are 
calculated.  Illuminating  gas  from  good  coal  contains  about  7.4  per  cent,  by 
wei^t,  of  benzene  and  toluene.  About  95  per  cent  of  the  benzene  and  89  per 
cent  of  the  toluene  remain  in  the  gas,  the  rest  in  the  tar.  Goke-oven  gas  con- 
tains 0.60  to  0.61  per  cent,  by  volume,  of  benzene.  Author  gives  the  history 
of  benzol  extraction,  with  many  references  to  patents,  and  describes  practical 
details  and  necessary  calculations. 

20.  Dbsttus,  Ghablbb.  Recovery  of  by-products  from  coke  ovens.    Jour.  Soc. 

Ghem.  Ind.,  vol.  11,  Nov.  30,  1892,  pp.  879-881.  Reviews  economic  aspects 
of  the  industry.    Describes  benzene  extraction  by  the  '^Brunk"  system, 
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and  costs  are  calculated.  Between  3  and  7  kilogzamB  of  90  jp&  cent  benzene 
are  obtained  from  1  ton  of  coal. 

21.  EBBucHy  — .  Benaol&briken  in  Verbindung  mit  Scbachtanlagen.     Bitumen, 

Jahig.  10,  1912,  pp.  68-72.  Gives  ground  plans,  elevations,  cross  sectioiis, 
and  diagrams  of  various  details  of  benzol  plants  (washers,  coolers,  etc.)  and 
buildings. 

22.  Gabsbb,  — .  Gasser's  process  for  the  recovery  of  bensol.    Gas'^Wcnrld.,  vol.  59, 

Aug.  2,  1913,  pp.  8-^,  Coke  section.  Describes  Ciasser  benzol  plant  at  Co- 
logne. Tlie  preheated  wash  oil  from  the  scrubbers  is  passed  into  cylindxicai 
stills,  where  the  benzol  is  removed  by  steam.  The  resulting  liquids  are 
fractionated.  Any  cell  can  be  removed  without  stopping  operations,  that 
less  space  is  required,  the  operation  is  easily  controlled,  and  the  eflSeiency  is 
greater  as  the  liquids  to  be  distilled  meet  the  passing  vapors  repeatedly. 

23.  Grandmouoik,  Euobnb.    La  fabrication  du  benzol  en  Allemagne.     Tecli. 

Mod.,  t.  4,  1912,  pp.  241-244,  295-297.  Gives  prices  in  London  and  in  Ber- 
lin 1881  to  1910,  details  of  benzol  washers  (Zschokke  system),  and  a  diagram 
of  a  system  for  acid  and  alkali  treatment  of  benzol.  Acid  in  the  second 
washer  is  3  per  cent  sulphuric  acid  concentrated  to  66^  B.,  or  2  per  cent 
acid  sligfatly  fuming. 

24.  Gbat,  Thomas  and  Mbllanbt,  A.  L.    Oil  fuels  and  their  application.     Gas 

World,  vol.  60,  April  4, 1914,  Coke  section,  p.  17;  May  2, 1914,  Coke  section, 
p.  10.  Paper  before  the  Institution  of  Engine^s  and  Shipbuild^cs  in  Scot- 
land, Marc^  17, 1914.  Production  of  benz<^  in  England  in  1913  was  about 
11,000,000  gallons,  or  13,000,000  gallons  of  motor  spirit,  which  corresponds 
to  a  possible  production  of  17,600,000  gallons,  or  20,000,000  gallons  of  motor 
spirit. 

25.  Gbbbbl,  a.    Comparison  entre  le  benzol  et  1'  essence  i>our  les  automobiles; 

Genie  dvil,  t.  63,  June  13,  1908,  pp.  113-116;  La  fabrication  du  benzol. 
Genie  civil,  t.  56,  March  19,  1910,  pp.  381-386.  One  ton  of  coal  coked  pro- 
duces five  kilograms  of  benzol.  Author  compares  the  different  motor 
fuels:  Gasoline,  benzol,  denatured,  and  carbureted  alcdiol.  Benzol  can 
not  be  burned  successfully  in  a  motor  built  for  gasoUnc,  but  demands  a 
special  construction. 

26.  GwioQNBR,   A.,   and   Schulz,   R.    Ueber    Nebenproduktengewinnung  aus 

Generatorgas:  Stahl  und  Eisen,  Jahig.  33,  Bd.  2,  Oct.  2,  1913,  pp.  1652- 
1664.  Discussion  of  the  paper  by  Schulz  in  Stahl  und  Eisen,  Jahrg.  33, 
Bd.  2,  July  24, 1913,  pp.  1221-1225. 

27.  Haarmakn,  — .    t)ber  die  Bedeutung  und  die  Aussichten  der  Nebenpiodukten- 

Industrie  der  Steinkohle.  GlQckauf,  Jahi^.  42,  Bd.  1,  Apr.  7,  14,  1906, 
pp.  418-426,  445-455.  Discusses  production  and  uses  of  benzol.  In  West- 
phallan  practice  4  kilograms  of  benzol  and  0.9  kilogranis  of  toluol  per  ton  of 
coal  coked  are  obtained.  Statistics  of  production  and  prices  in  Germany 
from  1896  to  1904  are  given.  In  1904  Germany  could  have  produced  70,000 
tons  of  benzol. 

28.  HBiNZBBUNa,  C.    Benzol  winning  from  coke-oven  gases.    Mineral  Industry, 

vol.  6, 1896,  pp.  199-201;  Jour.  Soc.  Chem.  Ind.,  vol.  16,  May  31, 1897,  p.  432; 
Jour.  Gasbel,  Jahig.  40,  May  22,  1897,  pp.  333-336.  Method  taken  from 
Chemische  Rundschau,  1897.  Heinzerling  has  patented  a  method  of  sepa- 
rating benzol  from  coke-oven  gases  by  condensation  at  —30^  to  —40®  C.  and 
expansion,  by  which  the  gas  is  cooled  to  —70®  or  —80®  C,  the  benzol 
being  deposited  in  tubes,  which  are  duplicated,  so  that  one  set  is  always  avail- 
able. At  —70®  C.  the  vapor  tension  of  benzol  is  zero.  A  diagram  of  the 
apparatus  showing  compression  and  expansion  cylindero  is  given.  The  sub- 
ject of  costs  and  power  required  is  discussed. 
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29.  Irwin,  Wilfrid.    Detenmnation  of  the  vapor  tensionci  of  the  condensable 

hydrocarbons  in  coal  gas;  its  relation  to  the  question  of  naphthalene  deposits 
and  enrichment  with  benzene.  Jour.  Sec.  Chem.  Ind.,  vol.  18,  Feb.  28, 1899, 
pp.  109, 110.  Gives  condensable  products  from  gas,  with  boiling  points  and 
yields.  Hi^  temperature  carbonization  favors  the  production  of  aromatic 
hydrocarbons,  but  produces  more  naphthalene.  Discusses  vapor  tension  of 
hydrocarbons,  and  the  enrichment  of  gas. 

30.  JoNBS,  L.  0.    Coal  and  its  by-products.    Jour.  Franklin  Inst.,  vol.  177,  May, 

1914,  pp.  611-531.  Discusses  origin,  composition,  and  coking  quality  of 
coal.  A  ton  of  coal  produces  1)  to  2)  gallons  of  mixed  light  oils.  The  influ- 
ence of  temperature  upon  the  yields  and  character  of  the  by-products  from 
average  coking  coal  is  ^own  by  a  chart.  Experiments  indicate  a  maximum 
yield  of  light  oil  at  about  500''  C.  to  550""  C. 

31.  Jt^NosT,  Ernst.      Nebenproduktengewinnung     bei     der     Eokserzeugung. 

Gmckauf,  Jahrg.,  50,  March  28, 1914,  pp.  495^98;  Gas  World,  vol.  60,  May  2, 
1914,  Coke  section,  p.  22.  Summary  of  production  of  tar,  benzol,  and  ammo- 
nia compounds  in  C^ermany  from  1908  to  1912.  Gives  imports  and  exports 
of  by-products. 

32.  Kr£uer,  G.    Ueber  Benzol,  und  seine  Bedeutung  ah  Leuchtstoff.    Jour. 

Gasbel.,  Jahig.  40,  June  5, 12, 1897,  pp.  869-372;  385-888;  Jour.  Gas  Lighting, 
vol.  69,  June  22,  1897,  pp.  1421-1423.  On  distilling  coal,  8  per  cent  of  the 
benzol  remains  in  the  tar,  and  92  per  cent  goes  into  the  gas.  Good  coal  tar 
yields  1)  per  cent  of  benzol  and  toluol  together,  but  only  about  1  per  cent  is 
obtained  in  practice.  Benzol  may  be  obtained  as  a  by-product  in  the  com- 
pression of  heavy  oil-gas,  but  can  not  be  produced  alone.  Article  also 
describee  recovering  of  benzol  from  coke-oven  gas,  and  discuaaes  use  for 
iUuminating  purposes. 

33.  LuNOB,  Georg.    Goal  tar    and    ammonia;  1909.    Chapter    entitled,  "Light 

Oil  and  Crude  Naphtha''  (pp.  665-706),  describes  the  methods  of  working 
up  light  oil  and  gives  a  digest  of  the  more  important  work  on  this  subject. 
Chapter  entitled,  ''Working  Up  light  Naphtha  Into  Final  Products" 
(pp.  707-809),  describes  the  manufacture  of  commercial  benzol  products, 
and  the  preparation  of  pure  benzene,  toluene,  and  xylene.  The  latter 
part  of  tiie  chapter  is  devoted  to  testing  benzol,  to  estimating  carbon 
bisulphide,  thiophene,  sulphur,  xylenes,  and  other  hydrocarbons,  and  to 
applications  of  benzol  and  naphtha.  Chapter  entitled,  ''Recovery  of 
Benzol  from  Coal  Gas*'  (pp.  36-57),  Discusses  various  methods  of  benzol 
recovery,  and  details  of  a  benzol  washing  plant  according  to  HirzeFs  system. 
Three  additional  sections  are:  Recovering  the  benzol  from  coal  gas  as  nitro- 
benzene, composition  of  benzol  obtained  from  coal  gas,  estimation  of  benzene 
and  its  congeners  in  coal  gas.  The  many  references  in  these  chapters  iorm 
an  excellent  bibliography  of  the  earlier  work  on  benzol. 

34.  Meissnbr,  C.  a.    The  modem  by-product  coke  oven.    Senate  Document  145. 

63d  Cong. ,  Ist  sess. ,  1913.  Recovery  of  by-products  in  the  modem  by-product 
coke-oven  plant.  Met.  and  Chem.  Eng.,  vol.  11,  August,  1913,  pp.  454-458. 
Contains  diagram  of  an  apparatus  for  the  recovery  of  benzol  and  a  short  para- 
graph on  methods  of  recovery.  Light  oil  used  for '  scrubbing  has  specific 
gravity  of  about  0.8.  Benzol  is  distilled  from  the  scmbbed  mixture,  steam 
being  the  heating  medium .  The  benzol  obtained  is  about  50  per  cent  benzol. 
Usually  the  higher  the  volatile  matter  in  the  coal,  the  greater  the  yield  of 
benzol. 

35.  M^LLBR,  E.    Absorption  von  Benzol  in  Waaser  und  ParaflSn5l.    Jour.  Gasbel., 

Jahig.  41, 1898,  pp.  433-435.  Tables  show  the  amount  of  benzol  absorbed  tern 
air  carrying  1  to  8  per  cent  benzol,  at  temperatures  of  10^  to  18^.    The  time 
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was  2  to  8  houn,  and  the  ispidtty  o<  paange  1.43  to  2.50  cubic  centi^^ 
second.    It  was  d^moiiBtnited  that  cooling  aids  the  abeotptian  of  benzol  by 
paiaffinoil. 

36.  MuBPBAiT,  ^.    Theoratische  ptaktische  Ghemie.    Aufl.  4,  1906,  Bd.  8,  pp. 

17-60.  Cknrtaiiui  a  chapter  on  light  oil  and  its  prodnctB  that  treats  of 
manufacture,  uses,  and  tests  of  benaol,  toluol,  and  z^^ol.  The  dirtallation 
method  of  Kiaemer  and  Spilker  is  described,  and  use  of  the  Le  Bel  Hennioger 
fractionating  column.  Boiliitg-paint  curves  for  mixtures  of  benzene  hydro- 
carbons are  included. 

37.  NoBTON,  T.  H.    Dyestufb  for  American  textile  and  other  industries.    Bureau  of 

Foreign  and  Domestic  Commerce.  Special  Agents  Series  No.  96.  1915. 
57  pp.  A  long  report  on  the  dyestuff  situation  in  the  United  States  in  1915. 
Outlines  the  coal-tar  chemical  industry,  the  Gennan  coal-tar  dyestuff  in- 
dustry, processes  of  manufacture,  products,  consumen,  etc.  Diacpnuns  illus- 
trate the  derivation  of  coal-tar  colors  from  other  coal-tar  products. 

38.  0'Nbil,J.  G.    Raw  benzol  from  coke-oven  gas.    Prog.  Age,  vol.  29,  Oct.  16, 1911, 

pp.  860-^1.  By  American  improvements,  all  the  light  oil  and  the  heavier 
oil  vapors  can  be  obtained  from  coke-oven  gas,  free  from  traces  of  the  abeorbing 
oil.  Ninety  per  cent  of  this  raw  benzol  will  distill  over  at  120*^  C. ,  and  contain 
every  trace  of  the  benzene  oils  in  the  coke-oven  gas.  The  quality  of  the  raw 
benzol,  whether  from  coal  of  19  or  of  30  per  cent  volatile  matter,  does  not  vary 
much  ,  but  the  yield  varies.  English  practice  is  poor,  as  only  66  to  60  per 
cent  of  the  raw  product  distills  over  at  120^  0.  Raw  benzol  works  well  as  a 
motor  fuel,  and  dissolves  carbon  in  the  combustion  cylinders. 

39.  PoBTEB,  H.  G.    Goal-tar  products  and  the  posaibihty  of  increasing  their  manu- 

facture in  the  United  States,  with  a  chapter  by  G.  G.  Storm  on  coal-tar 
products  used  in  explosives.  Tech.  Paper  89,  Bureau  of  Mines,  1915, 89  pp. 
Gontains  statistics  on  coal-tar  by-product  recovery  in  the  United  States,  and 
briefly  discusses  various  coal-tar  products.  In  1913  the  United  States  pro- 
duced 150,000,000  gallons  of  coal  tar  and  7,600,000  gallons  of  ''gas  benzol." 
More  than  100,000,000  gallons  of  benzol  might  have  been  obtained  from  the 
coal  ipade  into  coke  and  gas.  A  table  showing  the  fractions  of  avenge  coal 
tar  and  their  uses  is  given. 

40.  PuNiNo,  Franz.    Benzol  and  its  recovery  from  coal  gas.    Gas  Record,  vol.  7, 

1915,  pp.  173-179.  The  average  benzol  recovery  from  American  coals  is  2 
gallons  per  net  ton.  From  1,000  cubic  feet  of  gas  produced  from  average  coal 
about  0.18  gallon  of  benzol  can  be  recovered.  Author  discuases  chazacteri^- 
tics  of  benzol,  uses  of  benzol,  method  of  recovering  benzol,  light-oil  recovery 
plant,  apparatus  of  lightoil  plant,  crude  benzol  recovery  plant,  purification 
of  the  crude  benzol,  apparatus  of  purifying  plant,  and  profits  of  a  benzol 
plant.  Properties  of  ''Types  of  benzol,''  including  boiling  points,  color, 
reactions  with  sulphuric  acid,  and  specific  gravity,  are  included. 

41. .    Benzol— how  it  is  recovered  horn  coal  gas.    Iron  Trade  Rev.,  vol.  53, 

1913,  pp.  626-632,  653.  Deecribes  work  done  abroad  in  recovering  benzol 
and  what  can  be  done  here.  Gharts  show  the  profits  to  be  derived,  production 
in  European  countries,  proportionate  constituents  of  Hght  oil,  boiling  points 
and  relative  amounts  of  pure  benzol  in  distillates,  boiling  points  and  relative 
amounts  of  toluol.  Details  are  given  of  operation  of  a  lig^troil  recovery 
plant  and  of  a  benzol  rectifying  and  purifying  plant. 

42.  Rau,  O.  Ueber  die  Fortschritte  in  der  Gewinnung  der  Nebenprodukte  beim 
Eokereibetriebe.  Stahl  und  Eisen,  Jahrg.  30,  Bd.  2,  July  20,  1910,  PP- 
1236-1247,  1282-1297.  Reviews  development  of  by-product  coking  in  Eu- 
rope, but  contains  little  on  benzol. 
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43.  BoLLABON,  A.)  and  Taylor,  A.  W.    The  production  of  motor  spirit  from  coal. 

Coll.  Guard. ,  vol.  106,  Sept.  16, 1913,  pp.  577-578.  Discusses  low  temperature 
(400^-500^  G.)  carbonization  of  coal  in  the  presence  of  carbon  dioxide.  By 
this  process  the  average  yield  of  motor  spirit  per  ton  of  coal  is  18  gallons. 
Costs  and  profits  are  shown. 

44.  RuMBBR,  — .  Die  wirtschaftliche  Bedeutung  der  deutschen  Benzolgewinnung, 

insbesondere  ftkr  die  Motorenindustrie.  Bergbau,  Jahig.  26,  1913,  pp. 
689-691.  Describes  commercial  benzol  and  the  process  of  its  recovery,  eco- 
nomics of  benzol  production  in  Germany,  and  the  use  of  benzol  as  a  motor 
fuel.    Curves  show  imports  and  ex}X)rts,  1891  to  1912. 

45.  RuNKEL,  — .  Fortschritte  auf  dem  Gebiete  der  Nebenproduktengewinnung.' 

Giackauf,  Jahig.  48,  Nov.  9,  1912,  pp.  1833-1836.  Gives  a  general  key  to 
the  methods  devised  for  tar  recovery,  washing,  and  purifying  during  1911 
and  1912.    Analyses  of  several  German  coke-oven  tars  are  included. 

46.  Sadler  &  Co.    Manufacture  of  benzene  compounds  from  the  benzene  of  coal 

gas.  Jour.  Soc.  Chem.  Ind.,  vol.  4,  Aug.  29,  1885,  pp.  475-476.  Sadler  A 
Co.  manufactured  nitrobenzenes  by  Kendall's  process,  coal  gas  being  super- 
heated in  red-hot  retorts,  to  increase  the  amount  of  benzene,  and  passed 
into  a  sulphuric-nitric  acid  mixture.  Reference  is  made  to  the  processes 
of  Leigh  (1863)  and  of  Caio  (1869). 

47.  Say,  Adrien.    La  fabrication  du  coke.    Paris,  1912,  pp.  169-198.    Describes 

up-to-date  methods  of  benzol  recovery,  rectification,  and  use.  The  methods 
of  Mallet,  Still,  Peters,  afe  given  in  detail  with  many  illustrations. 

48.  ScHBTJR,  W.    Gewinnung  und  Verwertung  von   Nebenerzeugnissen  bei  der 

Verwendung  von  Stein-  und  Braunkohle.  Ann.  Grewerbe  u.  Bauwesen, 
Glaser,  Bd.  76,  June  1,  15,  1915,  pp.  20^223,  239-251.  Little  space  given 
to  benzol,  but  the  production  of  coal-tar  distillates  in  Germany  for  1911, 
and  imix)rts  and  exports  for  1912,  are  recorded.  Discusses  cost  of  a  by-product 
plant,  the  cost  of  production  of  coal-tar  products  in  general,  and  the  economic 
side  of  the  industry  in  Germany. 

49.  ScHRBiBBR,  F.    Fortschritte  in  der  Destillationskokerei.    Ztschr.  angew.  Chem., 

Jahig.,  25,  Bd.  2,  Nov.  8,  1912,  pp.  228^2296.  Describes  the  method  of 
recovery  and  the  uses  of  benzol  hydrocarbons.  Discusses  details  of  the  wash- 
ing towers,  the  distillation  apparatus,  the  purification  process,  and  the  usee 
of  these  hydrocarbons.  The  light  oil  obtained  contains  55  to  60  per  cent  of 
benzol,  11  per  cent  of  toluol,  9  per  cent  of  xylol,  6  per  cent  of  solvent  naphtha, 
10  to  20  per  cent  of  residue  boiling  over  180^  G.  The  use  of  dry  superheated 
steam  in  working  up  the  light  oil  is  important. 

50.  ScHULz,  E.    TJeber  Nebenproduktengewinnung  atis  Generatoigas.    Stahl  und 

Eisen,  Jahrg.  33,  Bd.  2,  July  24, 1913,  pp.  1221-1225.  For  large  central  plants 
the  Mond  process  is  most  suitable,  but  not  when  the  producer  is  close  to  the 
furnace.  The  recovery  of  ammonia  and  tar  from  Mond  gas  is  greater  than 
from  other  recovery  processes.  The  recovery  of  tar  and  ammonia  is  profitable 
in  most  cases;  it  does  not  affect  the  calorific  power  of  the  gas,  and  purified 
gas  is  less  likely  to  foul  pipes  and  checkerwork. 

51.  SimcERSBACH,  OsEAR.    Beuzolfabrikation.    Ztschr.  Ver.  deut.  Ing.,  Bd.  54, 

Jan.  8, 1910,  pp.  70-71;  Jour.  Gasbel.,  Jahig.  54,  June  17, 19U,  pp.  581-582. 
Gives  diagram  of  a  benzol  plant,  and  describes  washing  and  rectification. 
Discusses  production  and  price  of  benzol  in  Germany,  1900  to  1907. 

52.  Simon,  H.    Recent  results  and  further  development  of  the  Simon-Carves  coking 

process.  Jour.  Iron  and  Steel  Inst.,  vol.  26,  1885,  pt.  1,  pp.  108-119.  Re- 
covery of  benzol  described.  Preferable  absorbent  liquids  are  the  heavy  oils 
obtained  by  distilling  tar.    The  scrubbers  are  upright  cylinders,  high  in 
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proportion  to  their  diamet«r,  filled  with  pebbles  or  gannister.  The  gM  flows 
upward  to  meet  the  descendii^  oil.  From  the  scnibberB,  the  gas  paaaes  into 
wash  boxes  also  fiUed  with  heavy  oil.  From  these  wash  boxes  the  heavy 
oil  goes  to  the  scrabbers,  the  gas  containing  the  most  benzol  coming  in  con- 
tact with  oil  already  charged  with  hydrocarbons,  and  the  gas  freest  fiom 
hydrocarbons  meeting  fresh  oil. 
fi3.  Tbrhabrst,  Rudolf.  Anlagen  zor  Gewinnung  der  Neben-Produkte  im  Eoke- 
reibtrieb.  Stahl  und  Eisen,  Jahrg.  18,  Bd.  2,  Aug.  15,  1898,  pp.  747-750. 
After  washing  with  water  to  free  the  gas  from  ammonia  the  gas  meets  a  streftin 
of  coal-tar  oil  in  the  oil  washers.  This  oil  stream  is  as  cold  as  possible  and 
absorbs  the  benzol  in  the  gas.    The  benzol  is  distilled  later. 

54.  Thau,   A.    tJber   Kohlendestillation    bei   niedriger  Temperatur.    GlQckauf, 

Jahrg.  50,  May  23,  1914,  pp.  834-S41.  Describes  and  compares  "coalite/' 
"  Premier  tarless  fuel, ''  and  the  Del  Monte-Everett  processes.  Diagrams  and 
photographs  of  many  details  aro  given  and  special  attention  is  paid  to  costs. 
Analyses  of  several  ga»-works  tars  and  tables  of  tar  distillation  are  included. 

55.  VoN  Groeuno,  a.  E.    A  new  type  of  benzol  recovery  plant.    Gas  World,  voL 

59,  Sept.  6, 1913,  Cokesection,  pp.  18-19;  Chem.  Abs.,  vol.  7,  pt.  3, 1913, p. 3656. 
The  special  feature  is  the  continuous  washing  plant,  of  which  a  diagram  is 
given.  The  benzol  is  passed  through  4  acid  cylinders,  2  caustic  soda  cylin- 
ders, and  2  water  cylinders.  No  agitating  of  any  kind  is  required,  and  there 
is  little  loss  of  benzol  by  evaporation. 

56.  VoK  HoHENHAUSEN,  J.    The  separation  of  benzene,  toluene,  and  xylene  from 

crude  ga»-tar  naphtha  and  crude  gas  benzenes.  Jour.  Soc.  Chem.  Ind., 
vol.  3,  Feb.  29,  1884,  pp.  73-77.  Detailed  description  of  nitrification  test 
of  commercial  benzene  and  full  descriptions  wiUi  drawings  of  the  Vedles 
toluene  apparatus,  the  J.  Aders  rectifying  apparatus,  the  Vedles  rectifying 
system,  and  the  Ergot  system. 

57.  Wagnbb,  F.  H.    Coal-gas  residuals,  benzol.    1914,  pp.  121-142.   Reviews  benzol 

production,  tests,  properties,  and  uses.  Describes  Koppers  system,  Feld 
system,  and  Hirzel's  methods  in  detail.    Includes  specifications  and  costs. 

58. Coal-gas  residuals.    Met.  and  Chem.  Eng.,  vol.  12,  November,  1914, 

pp.  696-702;  Am.  Gas  Light  Jour.,  vol.  101,  Nov.  16,  1914,  pp.  30&-309. 
Describes  Feld  by-product  system  at  length.  Naphthalene,  cyanogen, 
ammonia,  and  benzol  are  discussed  in  detail,  and  the  following  diagrams 
given:  Condensing  plant,  Feld  hot-tar  washer,  anmionia  still,  plant  for 
extracting  ammonia  and  hydrogen  sulphide  and  producing  ammonium 
sulphate.    Costs,  earning  capacities,  and  yields  are  given. 

50.  Warnes,  a.  R.  Coal  tar  distillation.  London,  1913.  Chapter  entitled  ''Plant 
for  the  recovery  of  benzols,  naphthas,  etc."  (pp.  90-112),  contains  a  detailed 
description  of  a  benzol  plant,  and  discusses  at  length  the  distillation  and 
rectification  of  benzol  and  naphtha. 

60.  Wattlbwobth,  D.  R.    The  production  of  toluene.    Gas  World,  vol.  62,  June  5, 

1915,  Coke  section,  p.  10.  Coal  distillation  works  yield  a  maximum  of  0.3  to 
0.4  gallon  of  toluene  per  ton  of  coal  carbonized.  The  following  synthetic 
reactions  for  increasing  yield  of  toluene  from  coal-tar  products  are  noted: 
Action  of  methyl  chloride  on  benzene  in  the  presence  of  aluminium  chloride, 
action  of  methyl  bromide  and  sodium  on  bromo  benzene  in  ethereal  solution, 
oxidation  of  xylene  to  toluic  acid,  and  treatment  of  this  with  sodium  hydrox- 
ide, distillation  of  cresylic  acid  with  zinc  dust.  These  reactions  can  be  used 
if  the  demand  for  toluene  becomes  serious. 

61.  Wbgeb,  Max.    ttber  seltenero  und  Reinpr&parate  aus  Steinkohlenteer.    Ztschr. 

angew.  Chem.,  Jahrg.  22,  Bd.  1,  Feb.  19,  1909,  pp.  338-346.  Author  dis- 
cusses benzene,  toluene,  xylene,  giving  specifications  for  the  pure  products. 
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and  a  list  of  impurities  likely  to  be  found  in  them,  with  many  literature 
references  on  each. 

62.  Weiss,  J.  M.    Coal-tar  light-oil  in  the  United  States.    The  manufacture,  nature, 

and  uses  of  products  derived  therefrom.    Eighth  Intern.  Cong.  Appl.  Chem., 
vol.  10,  1912,  pp.  287^01;  Jour.  Ind.  Eng.  Chem.,  vol.  6,  January,  1913, 
•         pp.  61-65.    General  outline  of  the  industry. 

63.  WiLHELM,  E.«  Ueber  die  Gewinnung  von  Benzolprodukten.    Ztschr.  chem. 

Apparatenkunde,  Jahig.  2,  Jan.  1,  15,  1907,  pp.  3-10,  33-37.  Discusses  the 
practical  chemistry  of  benzol  production,  the  machinery  employed,  and 
methods  of  purification.  Full  description  of  the  Gasser  system.  The  wash 
oil  is  a  mixture  of  equal  parts  of  creosote  oil  and  anthracene  oil,  which 
absorbs  2  per  cent  of  benzol. 

64.  Anonthous.    The  Becton  toluene  recovery  plant.    Jour.  Gas  Lighting,  vol. 

129, 1915,  p.  798;  Jour.  Soc.  Chem.  Ind.,  vol.  34,  Apr.  30, 1915,  p.  416.  The 
Gas  light  &  Coke  Co.  at  Becton  has  treated  daily  15,000,000  cubic  feet  of  gas 
for  recovery  of  toluene.  Research  and  laige-scale  experiments  have  pro- 
vided information  on  the  most  suitable  wash  oil  and  the  quantity  needed  to 
extract  the  maximum  amount  of  toluene  without  reducing  the  calorific  value 
or  the  illuminating  power  of  the  gas.  By  limiting  the  amount  of  oil  little 
benzene  is  extracted,  and  the  crude  spirit  obtained  is  rich  in  toluene,  xylene, 
and  naphthalene.  The  wash  oil  and  the  light  spirit  are  separated  by  steam. 
One-third  gallon  of  pure  toluene  per  ton  of  coal  carbonized  is  obtained. 

65. By-product  coking  and  benzol  recovery.    Iron  and  Coal  Trades  Rev. , 

vol.  87,  1913,  pp.  652-654.  Reviews,  a  paper  by  G.  S.  Cooper  before  the 
Junior  Institute  of  Engineers,  and  a  pamphlet  by  Franz  Puning,  issued  by  the 
Koppers  Company,  of  Chicago.  Cooper  states  that  the  yield  of  by-products 
from  100,000  tons  of  a  typical  South  Yorkshire  coking  coal  is:  Coke,  70,000 
tons;  tar,  5,000  tons;  sulphate  of  ammonia,  1,500  tons;  benzol,  1,000  tons;  gas, 
550  million  cubic  feet.  The  coking  property  of  coal  is  discussed,  and  the 
essentials  of  good  ovens  are  mentioned.  Puning  treats  the  recovery  of  benzol, 
toluol,  xylol,  and  gives  much  valuable  information  on  the  distillation  of  light 
oil  and  the  recovery  of  aromatic  hydrocarbons.  Products  from  1,000  gallons 
of  light  oil  are  on  an  average  as  follows:  500  gallons  of  crude  benzol,  120  gal- 
lons of  crude  toluol,  60  gallons  of  crude  xylol,  70  gallons  of  solvcmt-naphtha. 
Two  hundred  and  fifty  gallons  of  wash  oil  with  naphthalene  remain  in  the 
still. 

65. A  coke  expert's  views  of  the  recovery  of  benzene,  toluene,  etc.,  from  coal- 
gas.  Jour.  Gas  Lighting,  vol.  131,  Sept.  7,  1915,  pp.  502-^503.  The  best 
mediums  for  absorption  are  light  creosote  oils  boiling  between  220^  and  250^ 
C.  That  best  results  may  be  obtained  the  oil  should  pass  directly  through 
the  system  against  the  flow  of  gas.  In  diBtilling  it  is  necessary  to  heat  the 
oil  to  115®  C.  before  it  comes  in  contact  with  the  direct  steam  used  to  vaporize 
the  products  and  carry  them  into  the  condenser.  The  oil  should  be  at  least 
over  105®  C. ;  otherwise  steam  is  condensed  and  water  accumulates  in  the  oil. 
Many  other  practical  details  of  operation  are  included. 

67.  Common  difficulties  in  by-product  coke  oven  plants:   their  cause  and 

remedy.  Difficulties  with  benzol  plants.  Gas  World,  vol.  63,  Aug.  7,  1915, 
Coke  section,  pp.  11-12.  The  first  difficulty  is  that  too  much  benzol  remains 
in  the  gas  after  having  passed  the  scrubbers  or  washers.  The  wash  oil  should 
be  brought  into  intimate  contact  with  the  gas  at  a  temperature  not  over  25®  C. ; 
no  advantage  is  gained  by  special  efforts  to  cool  it  to  15®  C.  There  are  four 
general  types  of  apparatus  for  removing  benzol:  Scrubbers  filled  with  wooden 
-  grids;  rotary  brush  washers;  baffle  washers;  and  centriftigal  washers,  the 
first  type  being  probably  the  most  effective.    Water  may  get  into  the  wash 


224  QASOUKE  AKD  BENZEKE-TOLITENE. 

eil  in  the  acrabbera  or  wMhow,  in  the  oil  coolag,  in  the  prehontcgg,  or  in  the 
bensol  still.  There  is  no  good  way  of  removing  this  water  and  the  aim  should 
be  to  prevent  its  getting  into  the  oil,  either  by  additional  cooling  soibce 
for  the  gas  or  by  a  snperheater  for  the  steam.  DiBcusBes  loss  of  oil,  obstruc- 
tions in  the  cooler,  and  lighting  and  fires. 
88.  Anontmous.  The  Copp^  system  of  ammonia  and  benaol  recovery.  GaaWoiid, 
vol.  50,  Nov.  1, 1913,  Coke  section,  pp.  18-19.  Gives  diagrams  of  a  coiiq>lete 
benzol-recovery  plant.  The  gas  is  pasMd  through  scrabbers,  wliefre  it  is 
sprayed  with  creosote  oil;  the  cnide  benzol  obtained  is  treated  with  salplmric 
add  and  caustic  soda  and  distilled. 

Direct  recovery  coke  ovens  and  benzol  plant  at  New  Brancepeth  Colliery. 


Iron  and  Coal  Trades  Rev.,  vol.  83,  1911,  pp.  805-606.  The  benzol  from  40 
ovens  is  recovered  with  creosote  oil  in  4  hurdle  scrubbers.  Th.e  benzol  is 
pumped  through  an  overhead  main  to  benzol  house,  where  it  is  distilled. 
Not  many  details  of  actual  operation  are  given. 

70. Zur  Gewinnung  der  Nebenerzeugnisse  bei  der  Kokshbrication.     Stahl 

und  Eisen,  Jahrg.  13,  Bd.  1,  Jan.  15,  1893,  pp.  50-85.  Benzol  recovery  is 
carried  out  by  three  methods:  Compressing  the  gas,  cooling  the  gas  to  low 
temperature,  washing  the  gas  with  a  solution  that  absOTbs  benzol.  General 
practice  with  the  last  method  is  outlined,  and  the  writer  emphasixes  the 
need  of  considering  the  surface  of  contact  of  washer,  so  that  the  contact  be- 
tween gases  and  oil  may  be  as  intimate  as  possible.  The  tar  oils  obtained 
in  distillation  may  be  used  for  washing.  'Hie  washers  should  be  placed 
at  considerable  height.    A  chart  of  benzol  prices,  1884  to  1892,  is  added. 

71.  Motor  spirit  from  coal.    Science  Abstracts,  vol.  17,  1914,  Section  B, 

electrical  engineering,  pp.  298-299.  Describes  experimental  plant  at  (Kes- 
wick, for  working  the  Del  Monte  process,  and  its  mechanical  details.  From 
a  ton  of  cannel  coal  17.4  gallons  of  motor  spirit,  17.6  gallons  of  fuel  oil,  37.5 
pounds  of  paraffin  wax,  51  pounds  of  pitch,  and  54.5  pounds  of  sulphate  of 
ammonia  are  obtained. 

72. Otto  ovens  and  direct-recovery  installation  at  Trimdon  Grange.    Gas 

World,  vol.  61,  Aug.  1,  1914,  Coke  section,  pp.  13-14.  A  good  diagram  of 
Otto  process  for  recovery  of  crude  and  refined  benzol,  is  given,  with  general 
descriptive  matter. 

73. Process  for  the  recovery  of  toluene  from  coal  gas.    Jour.  Gas  Ughtii^, 

vol.  129,  1915,  pp.  378-379;  Jour.  Soc.  Chem.  Ind.,  vol.  34,  Feb.  27,  1915, 
p.  170.  A  description  of  Dr.  Davidson's  plant.  Plans  and  woridng  direc- 
tions are  given  for  a  toluene  extraction  plant  dealing  with  800  tons  of  coal,  or 
10,000,000  cubic  feet  of  gas  per  diem.  Two  pounds  of  pure  toluene  can  be 
recovered  from  10,000  cubic  feet  of  coal  gas.  The  debenzolized  oil  is  mixed 
with  a  small  quantity  of  benzene  (4  to  5  percent),  and  pumped  at  a  rate  of 
about  1,300  gallons  an  hour  through  scrubbers,  heaters,  and  condensers. 
Commercial  toluene  Is  redistilled  in  a  still  of  the  Hickmann  or  Savalle  type. 

74. Production  of  benzol.    Gas  World,  vol.  58, 1913,  p.  605.    A  list  of  plants 

in  England  producing  benzol,  and  the  number  of  ovens.  The  yield  of  crude 
benzol  per  oven  is  80  to  90  gallons  per  week. 

75. The  recovery  of  benzol  from  coke-oven  gas.    Coll.  Guard.,  vol.  106, 1913, 

p.  1158.  Describes  Eoppers's  process.  Coke-oven  gas  is  cooled  to  atmospheric 
temperature,  and  passed  through  a  series  of  tower  scrubbers.  From  1,000 
gallons  of  crude  benzol  the  following  products  are  obtained:  500  gallons  of 
90  per  cent  benzol,  120  gallons  of  90  per  cent  toluol,  60  gallons  of  90  per  cent 
xylol,  70  gallons  of  90  per  cent  solvent  naphtha.  The  remaining  260  gallons 
is  used  again  for  scrubbing. 
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76.  Anonymous.  The  recovery  of  benzol  from  coke-oven  gases.  Chem.  £ng.,  vol. 
14, 1911,  pp.  448-451.  Reviews  benzol-recovery  industry.  Describes  a  Still 
plant,  and  discusses  each  of  the  products:  Benzol,  toluol,  xylol,  and  solvent 
and  heavy  naphthas. 

77. Recovery  of  benzol  from  coke-oven  gases.    Iron  and  Goal  Trades  Rev., 

vol.  75,  1907,  pp.  1567-1568.  Shows  benefit  to  be  derived  from  recovering 
benzol  directly  instead  of  by  distillation  of  tar.  Details  given  of  a  Still  plant 
and  of  method  of  working,  with  discussion  of  costs. 

TECHNICAL  BECOVEBY — ^PATENTS. 

7£L  Aabts,  J.  6.  Process  and  apparatus  for  the  manufacture  of  coke,  ammonia, 
illuminating  gas,  tar,  benzene,  etc.,  by  the  distillation  of  coal.  English 
patent  8187,  Apr.  17,  1905;  French  patent  353128,  Apr.  7,  1905;  Jour.  Soc. 
Chem.  Ind.,  vol.  24,  Oct.  16,  1905,  p.  1008.  The  material  to  be  carbonized 
is  charged  continuously  into  a  retort,  passing  first  into  hottest  part  in  center, 
then  into  zones  gradually  becoming  cooler:  To  obtain  a  high  proportion  of 
gas,  a  maximum  temperature  of  1,100^  C.  is  required.  For  coke  and  by- 
products temperature  is  kept  at  600^  to  800°  C. 

79.  Basbet,  E.,  et  Fils,  bt  Cie.    Apparatus  for  the  direct  extraction  of  benzol  from 

heavy  oils.  French  patent  473082,  Sept.  5,  1913.  Heavy  oil  containing  2 
per  cent  of  benzol  is  separated  into  various  fractions  in  2  successive  opera- 
tions carried  out  in  colimm  distilUng  apparatus.  The  oil  is  first  distilled  by 
heating  coils  supplied  with  high-pressure  steam,  and  naphthalene  then 
separated  by  injecting  low-pressure  superheated  steam. 

80.  Davis,  G.  E.    Improvements  in  the  distillation  of  coal  and  in  obtaining  and 

treating  products  therefrom.  English  patent  5717,  Nov.  30,  1882.  The 
coal,  previously  moistened  with  the  spent  ammoniacal  liquors  from  former 
operations,  is  heated  to  a  comparatively  low  temperature,  with  a  view  to 
obtaining  a  maximum  yield  of  benzene  and  a  minimum  yield  of  paraffins. 
The  purified  gases  are  brou^t  into  contact  with  a  high-boiling  hydrocarbon 
oil.    The  light  hydrocarbons  absorbed  may  be  distilled  off  later. 

81. Obtaining  benzol  and  other  hydrocarbons.    English  patent  4468,  Sept. 

18,  1883;  Jour.  Soc.  Chem.  Ind.,  vol.  3,  June  29,  1884,  pp.  36^370.  The 
gases  containing  benzene  are  compressed  and  cooled,  after  which  they  are 
brought  in  contact  with  a  heavy  hydrocarbon  oil  to  absorb  benzene  and 
other  volatile  hydrocarbons.  To  obtain  all  of  the  benzene,  the  gases  must  be 
allowed  to  expand,  and  during  expansion  passed  through  washers  or  scrub- 
bers containing  an  absorbent. 

82.  Gewerkschaft  Konig  Ludwio.    Neurung  in  dem  Verfahren  der  Cokerei  mit 

Gewinnung  von  Nebenprodukten.  German  patent  136780,  Klasse  12r., 
May  20,  1899.  The  wash  oil  containing  benzene,  toluene,  xylene,  and 
naphthalene  is  treated  with  steam  superheated  to  300^  until  the  wash  oil 
contains  no  more  naphthalene.  The  regenerated  wash  oil  is  returned  to  the 
scrubbers. 

83.  Heinzbrlino,  C.    Process  for  the  separation  and  recovery  of  benzol,  alcohol, 

ether,  and  other  easily  volatile  substances  from  air  or  other  gas.  English 
patent  12390,  July  4,  1892;  Jour.  Soc.  Chem.  Ind.,  vol.  12,  July  31,  1893, 
p.  591.  The  vapor-laden  gas  is  compressed  by  a  pressure  of  2  to  6  atmos- 
pheres and  cooled  in  a  series  of  condensers  to  —60^  C.  to  —80^  C,  being  first 
cooled  to  8^  or  10°  C,  then  allowed  to  expand  in  a  motor  cylinder  where  the 
lower  temperature  is  reached. 
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84.  HsiNSBBiiiNO,  0.    Verffthren  sur  Gewiimuiig  von  Bensol  und  demesi  Homcrfoges 

aufl  den  bei  der  Steinkohlen-  und  BimndachiefenlefltiUation  resultierden  Gaeen. 
Qerautn  patent  66644,  Klaaw  12,  Oct.  21, 1891 ;  Jour.  Gasbel.,  Jahzg.  36,  18SS, 
p.  480.  The  gaseo  are  compressed  and  led  into  solutions  of  stiDDgly  cooled 
sodium  or  calciimi  chloride  or  similar  salts,  the  benzol  eeparatiiig  on  the 
suriM^e  of  the  liquid.  The  esraping  gases  are  re-used  to  cool  the  salt  aolutiaD?. 
For  a  modification  of  this  jMrocess  see  English  patent  12390,  July  4,  1892. 
Heinxerling. 

85.  HiLouis,  N.  A.    An  improved  process  for  manufacturing  bensene  and  its  homo- 

logues  by  the  distillation  of  coal,  wood,  turf,  oil,  and  other  substances.  Eng- 
lish patent  6904,  June  8,  1885.  The  process  is  based  on  the  production  of 
acetylene  throughout  the  process  of  coal  distiUation.  The  temperature  in 
the  retorts  never  exceeds  a  dull  red  heat;  gas  and  superheated  steam  are  led 
into  retorts;  a  pressure  of  |  of  an  atmosphere  being  maintained.  By  these 
methods  formation  of  acetylene  is  aided,  and  production  of  more  complex 
compounds  avoided. 

86.  HntzsL,  Heinbich.    Abtreiben  von  Rohbenzol  aus  Waschdl.    German  patents 

99379,  EJasse  12,  Dec.  22,  1896;  96228,  Klaase  12,  June  22, 1897;  Chem. 
Gentral-BUtt,  Jahig.  70,  Pt.  1,  Feb.  1,  1899,  p.  400.  The  wash  oil  is  passed 
through  colimins  at  a  temperature  of  108**  to  115^,  meeting  steam  which 
removes  the  benzene. 

87. Distilling  apparatus.    U.  S.  patent  991205,  May  2,  1911;  Ghem.  Abe., 

vol.  5,  July  10, 1911,  p.  2326.  Benzol  recovery  plant.  Connections  f<»  pass- 
ing wash-oil,  alternately  chiUed  and  heated,  through  a  gas  wash^  and  a  still. 
The  oil  is  uniformly  heated  in  the  form  of  a  film  within  the  still,  and  a  part 
of  the  gas,  withdrawn  from  the  inlet  to  the  gas  washer,  is  circulated  over  the 
film,  through  the  condenser  and  back  to  the  inlet. 

88.  Ibwin,  Wilprid.    An  improved  still  for  the  extraction  of  benzene,  toluene,  and 

xylene  from  their  admixture  with  creosote  or  other  heavy  oils;  English  pat- 
ent 8665,  Apr.  13,  1898.  Apparatus  comprises  a  tower  or  column  constructed 
of  segments,  with  a  dephlegmating  or  condensing  chamber  above  the  oil 
inlet.  The  heavier  substances  are  condensed  within  the  column,  leaving 
the  lighter  to  pass  to  the  condenser. 

89.  KxNDALL,  J.  A.    Improvements  in  the  treatment  of  coal  gas  and  similar  gases 

in  order  to  render  the  same  more  suitable  for  obtaining  benzol  and  its  deriva- 
tives therefrom.  English  patent  1541,  Mar.  30,  1882.  The  gas  is  passed 
through  a  cast-iron  or  earthenware  pipe  heated  to  a  bright  red,  in  which  coke 
or  other  suitable  medium  may  be  placed .  Certain  hydrocarbons  are  destroyed 
and  the  benzol  content  of  the  gas  is  increased. 

90.  KoppERS,  Heinrich.    Improvements  in  the  process  of  separating  lig^t  oils  from 

washing  oil.  English  patent  15966,  July  10,  1913;  Gas  World,  vol.  60,  Apr. 
4,  1914,  Coke  section,  p.  24.  The  heavy  oil  vaporized  by  the  first  distilla- 
tion is  redistilled. 

91.  ■         Verfahren  zum  Abtreiben  von  Benzol  und  Homologen  aus  Gemischen 

dieeer  Kdrper,  Leichtdl  u.  dgl.  mit  Verwendung  von  Dampf  als  Heiz- 
mittel.  German  patent  277,189,  Klasse  12r.,  Mar.  20,  1912;  U.  8.  Patent 
1,098,734,  June  2, 1914.  Apparatus  for  extraction  of  benzol  from  oil.  Steam 
is  used  to  produce  heat,  the  supply  of  steam  being  regulated  by  the  pressure 
of  the  vapor  of  the  distillate. 

Washing  out  hydrocarbons  from  natural  gas  with  oil.     U.  S,  patent 

1,107,803,  Aug.l8,  1914.  The  oil  is  put  in  a  bell  washer,  which  is  placed 
in  a  wrought-iron  jacket  into  which  the  gas  is  introduced  so  that  the  pres- 
sure within  and  without  washer  is  equalized. 


92. 
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93.  KuNow,  Alpred.    Verfahren  zur  Gewinnung  von  LeichtOlen  aus  den  Neben- 

produkten  der  Kohlendestillation  unter  Anwendung  von  Oelen  ala  Absorp- 
tionsmittel.  German  patent  143,307,  Klasse  26d.,  July  17,  1902.  The 
oils  or  their  vapors  are  blown  through  a  jet  into  gas  conduit.  More  complete 
contact  is  thus  obtained. 

94.  Marks,  G.  C.    Triple-action  apparatus  for  the  recovery  of  benzene  or  other 

products  contained  in  certain  gases.  English  patent  10,577,  Apr.  28, 1897; 
Jour.  Soc.  Chem.  Ind.,  vol.  16,  Sept.  30,  1897,  p.  728.  The  gas  is  passed 
through  the  solvent  liquid  in  revolving  drums,  ascending  as  small  bubbles. 
This  action  is  augmented  by  a  liquid  cascade  or  rain  produced  by  a  revolv- 
ing system  of  buckets. 

95.  Mbllor,  Samuel.    Improvements  in  the  manufacture  of  benzol,  nitro-benzol, 

nitro-toluol,  and  their  homologues.  English  patent  5.604,  Nov.  25,  1882. 
Benzol  is  first  removed  from  coal  gas  by  subjecting  the  gas  to  a  pressure  of 
four  or  more  atmospheres  in  a  suitable  vessel,  and  is  then  nitrated  with 
nitric  acid.  By  a  second  method,  the  coal  gas  is  passed  through  a  nitrating 
mixture  or  over  porous  material  impregnated  with  a  nitrating  mixture,  and 
the  gas  deprived  of  benzol  is  washed  with  a  milk  of  lime  or  other  alkaline 
solution. 

96.  Frrr,  S.    Improvements  in  the  extraction  of  the  benzols  contained  in  heavy 

oil,  and  in  classifying  or  fractionating  the  several  hydrocarbons  which 
accompany  the  benzols.  English  patent  19,321,  Sept.  10,  1898;  see  also 
Heinzerling,  English  patent  12,390,  July  14,  1892.  The  heavy  oils  fall  in 
layers  to  meet  a  current  of  steam.  The  light  oils  and  higher  hydrocarbons 
are  separated,  by  slow  condensation  at  definite  temperatures,  from  the 
mixture  of  water  and  volatile  hydrocarbons  carried  over  by  steam  diuing 
distillation.  From  Soci6t^  Anonyme  poiu*  la  Construction  des  Appareils 
Savalle,  Paris. 

97.  Plauson,  H.,  and  Schroder,  P.    Obtaining  low-boiling  hydrocarbons  (ben- 

zene substitutes)  from  bituminous  coal.  Englidi  patent  4340,  Feb.  19, 
1914;  Jour.  Gas  Lighting,  vol.  131,  Aug.  31,  1915,  p.  458.  One  hundred 
parts  by  weight  of  lignite  are  ground  with  100  parts  of  hydrocarbons — such 
as  crude  naphtha — and  3  to  5  per  cent  nitrate  salts  added.  Air  and  steam  at 
600^  C.  to  700^  0.  are  passed  into  a  chamber,  and  mixture  of  naphtha 
and  nitrates  blown  in.  Four  per  cent  of  the  coal  and  18  per  cent  of  crude 
naphtha  are  said  to  be  converted  into  low-boiling  (80°  to  150°  C.)  constituents 
utilizable  as  benzene  substitutes. 

98.  ScHULTZ,  G.    Improved  process  for  obtaining  benzol  and  similar  hydrocarbons. 

English  patent  26771,  Nov.  25,  1896;  Chem.  Central-Blatt.,  Jahrg.  70, 
Bd.  1,  May  17, 1899,  p.  1120;  Jahrg.  71,  Bd.  1,  Jan.  10, 1900,  p.  158.  Coal-tar 
oils  are  conveyed  into  highly  heated  or  glowing  retorts,  or  hot  coke  ovens, 
preferably  provided  with  a  suction  apparatus.  The  vapors,  which  contain 
many  aromatic  hydrocarbons  resulting  from  decomposition,  are  condensed 
in  the  usual  manner.  Schultz's  German  patents  are  abstracted  in  the  two 
references  in  Chemisches  Central-Blatt. 

99.  SoLT,  A.,  AND  Davibr,  E.    Process  of  recovering  benzene  and  homologous 

compounds.  French  patent  424242,  Nov.  24,  1910.  The  vapors  are  aspi- 
rated, by  means  of  a  pump,  upward  through  a  series  of  water  columns.  The 
benzene  remains  condensed  on  surface  of  water,  and  can  be  drawn  off. 
100.  SoREL,  E.  Extraction  of  benzols  and  other  bodies  dissolved  by  heavy  oils,  and 
separation  of  their  constitutents.  English  patent  243,  Jan.  4,  1900;  Jour. 
Soc.  Chem.  Ind.,  vol.  19,  Apr.  30,  1900,  p.  337.  Extraction  is  effected  by 
using  steam  in  a  continuous  distillation  column.    Separation  is  based  upon 
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each  of  the  vapon  fonning  with  steam  a  mixture  that  boib  at  a  fixed  temper- 
ature. An  exceas  of  steam  is  mixed  with  these  bodies  and  the  mixture 
subjected  to  fractional  cooling.  Thus  naphthalene,  xylene,  toluene,  and 
benzene  may  be  separated  from  one  another. 

101.  Still,  C.    Process  for  di|9tilling  the  benzene  hydrocarbons  from  saturated  (gas) 

washing  oils.  English  patent  16493,  July  15,  1912;  German  patent  251,562, 
Klasse  12r.,  Aug.  9, 1911;  Gas  World,  vol.  59,  Oct.  1, 1913,  Coke  secticm.  p.  21. 
Above  the  distilling  column  Is  a  reflux  condenser  where  the  vapors  are  cooled 
sufficiently  to  condense  naphthalene  and  the  constituents  of  the  washii^  oils 
only.  The  condensate  is  then  run  into  another  condenser,  where  it  b 
cooled  until  no  more  naphthalene  separates. 

BENZENE,  TOLT7BNE,  AND  BELATED  PBODTTCTS— TESTS,  HCPXTBI- 

TIES,  PBOPEBTIES,  USES. 

102.  Barker,  J.  T.    Experimen telle  Bestimmung  und  thermodynamische   Berecli- 

nimg  der  Dampfdrucke  von  Toluol,  Naphthalin,  und  Benzol.  Ztschr. 
phys.  Chem.,  Bd.  71,  1910,  pp.  235-253.  The  vapor  pressure  determined 
is  as  follows:  Toluene  at  25.8''  C,  28.75  mm.;  at  14.8'',  16.80;  O**,  6.86; 
-21*^,  1.61;  -78**,  0.0058.  Naphthalene  20<»,  0.064;  30*»,  0.164;  40^,  0..378. 
Benzene  (solid),  —  77.5**,  0.018.  These  values  are  compared  with  those  cal- 
culated from  Nemst*8  theory. 

103.  Bat,  I.    Dosage  du  sulfure  de  carbone  dans  les  benzols.    Compt.  rend.,  t.  146, 

Jan.  20,  1908,  p.  132.  The  carbon  bisulphide  in  benzene  may  be  deter- 
mined by  precipitation  with  phenylhydrazine,  phenylhydrazine-phenylthio- 
carbazate  being  formed,  and  the  precipitation  being  complete  after  two  or 
three  hoiuis.  The  substance  is  collected  on  a  tared  double  filter  paper,  washed 
with  pure  benzene,  and  dried.  The  method  is  extremely  accurate,  the 
greatest  error  being  less  than  0.5  per  cent  of  the  amount  determined.  The 
values  are  generally  too  high. 

104.  BiBHRiNOEK,  Joachim.    Beitr^e  zur  Kenntnias  der  leichtest  flUchtigen  Antheile 

des  Steinkohlentheers.  Dingl.  poly.  Jour.,  Bd.  276,  1890,  pp.  78-90.  The 
author  discusses  carbon  bisulphide  and  various  methods  for  its  determination 
and  removal. 

105.  Bruni,  G.     tJber  das  Gefrieren  von  gemischen  stellungsisomerer  Benzolderi- 

vate.  Ztschr.  Elektrochem.,  Jahzg.  16,  May  1,  1910,  p.  285.  Bruni  states 
that  the  conclusions  reached  in  Fischer's  experiments  exactly  agree  with 
his  own  earlier  results.  In  general,  isomerides  in  the  benzene  series  do  not 
form  solid  solutions,  but  substances  having  analogous  substituting  groups  in 
the  same  positions  do. 

106.  BuRRELL,  G.  A.,  and  Robertson,  I.  W.    The  determination  of  benzol  in  gas 

mixtures.  Jour.  Ind.  Eng.  Chem.,  vol.  7,  August,  1915,  pp.  669-670.  The 
same  method  is  used  as  in  separating  illuminants.  The  percentage  of  benzol 
was  checked  by  combustion  analysis  and  it  was  found  that  all  of  the  benzol 
was  separated  at  —78°  C. 

107.  The  separation  of  the  illuminants  in  mixed  coal  and  water  gas.    Jour. 

Ind.  Eng.  Chem.,  vol.  7,  January,  1915,  pp.  17-21.  A  method  for  determi- 
nation of  benzene  is  described  as  follows:  The  gas,  freed  from  water  vapor, 
is  introduced  into  a  liquefaction  bulb  and  cooled  to  —78®  C.  After  removal 
of  as  much  gas  as  possible  with  a  pump,  the  condensed  liquid  is  vaporized, 
and  its  pressure  read  on  a  manometer.  This  pressure  compared  with  the 
original  pressure  of  the  gas  gives  the  percentage  of  benzene. 

108.  Church,  S.  R.    Methods  for  testing  coal  tar  and  refined  tare,  oils,  and  pitches 

derived  therefrom.    Jour.  Ind.  Eng.  Chem.,  vol.  3,  April,  1911,  pp.  227-233. 
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Describes  tests,  standardized  by  a  manufacturing  company,  for  examining 
raw  materials  and  products  of  tar  distillation.  Methods  for  distilling  and  for 
detennining  specific  gravity  of  light  oils  and  benzols  are  given. 

109.  Ohubch,  8.  R.,  AND  Wbiss,  J.  M.    Paraffin  bodies  in  coal-tar  creosote  and  their 

bearing  on  specifications.  Jour.  Ind.  Eng.  Chem.,  vol.  6,  May,  1914,  pp. 
896-398.  Furnishes  a  key  to  literature  on  the  dimethyl-eulphate  method  for 
separating  aromatic  from  open-chain  compounds.  The  authors  believe  the 
method  is  of  little  value. 

110.  GoLMAN,  H.  G.    Determination  of  the  percentage  of  toluene  in  conunercial 

solvent  naphtha.  Jour.  Gas  Lighting,  vol.  129,  1915,  pp.  314-315.  One 
hundred  c.  c.  of  the  sample  is  distilled  at  rate  of  one  drop  per  second,  and 
distillate  up  to  138^  0.  is  collected.  If  this  does  not  amount  to  35  c.  c,  a 
second  100  c.  c.  is  fractionated,  and  the  distillates  combined.  If  combined 
distillates  do  not  amount  to  35  c.  c,  sample  is  considered  to  be  free  from 
toluene.  Otherwise  35  c.  c.  of  distillate  is  mixed  with  50  c.  c.  of  pure  toluene 
and  15  c.  c.  of  pure  benzene,  toluene  in  this  mixture  determined  as  previously 
described,  and  the  toluene  content  of  solvent  naphtha  calculated. 

111. Determination  of  the  percentage  of  toluene  in  commercial  toluol.    Jour. 

Gas  Lighting,  vol.  129,  1915,  pp.  19e'198;  Jour.  Soc.  Chem.  Ind.,  vol.  34, 
Feb.  27, 1915,  pp.  168-170.  From  a  large  number  of  distillations  of  mixtures 
of  known  amounts  of  benzene,  toluene,  xylene,  an  analytical  process  has 
been  devised.  One  hundred  c.  c.  of  sample  is  distilled  under  standard 
conditions,  and  from  amounts  passing  over  below  105^  C,  and  above  117^  C, 
amount  of  pure  toluene  present  can  be  calculated  by  aid  of  a  table.  Specific 
details  are  given. 

112.  Davis,  G.  E.    On  the  valuation  of  the  crude  naphthas  of  commerce.    Jour.  Soc. 

Chem.  Ind.,  vol.  4,  Nov.  SO,  1885,  pp.  045-649.  A  lengthy  discussion  of  the 
distillation  of  commercial  benzol,  and  the  estimation  of  benzene,  toluene, 
and  xylene. 

113.  Dbniqes,  Georoes.    Dosage  vdum^trique  rapide  du  thioph^ne  dans  la  ben- 

zine. Bull.  Soc.  chim.  France,  ser.  3,  t.  13, 1895,  pp.  537-546;  t.  15, 1896, 
pp.  1064-1065;  Jour.  Soc.  Chem.  Ind.  vol.  15,  Oct.  31,  1896,  p.  746,  vol.  14, 
Oct.  31,  1895,  p.  893;  Jour.  Chem.  Soc.,  vol.  68,  1895,  A.  1,  p.  411;  A.  2, 
p.  372.  Thiophen  is  estimated,  by  precipitating,  as  a  bade  thiophen  mer- 
curic sulphate,  with  an  excess  of  mercuric  sulphate  solution  and  titrating  back 
with  dednormal  silver  nitrate  solution  until  permanent  opalescence  caused  by 
the  separation  of  benzene  appears. 

114.  DiBTEBiCH,  Karl.    Analysis  and  valuation  of  motor  fuels;   fourteen  methods 

for  examining  them.  Automobile,  vol.  33,  July  29,  August  5, 1915,  pp.  202-205, 
247-249,  267.  Properties  of  benzol  and  gasoline  are  compared,  with  use  of 
these  fuels  discussed.  Describes  methods  of  testing  as  follows:  Specific 
gravity,  color  and  other  external  characteristics,  test  of  odor,  timing  of 
evaporation  in  a  clock  crystal,  behavior  toward  litmus,  color  reaction  with 
sulphuric  acid,  benzol  test  with  isatinensulphuric  acid,  benzol  test  by  nitra- 
tion, test  with  ''Dracorubin"  paper,  nitrate  of  silver  test,  calcium  carbide 
test  for  water,  fractional  distillation,  refractometer  test,  mentions  compara- 
tive prices. 

115.  Ellerton,  J.  G.    The  estimation  and  elimination  of  sulphur  compounds  in 

commercial  benzol.  Jour.  Soc.  Chem.  Ind.,  vol.  31,  Jan.  15, 1912,  pp.  10-12. 
Discusses  various  methods  of  estimating  carbon  bisulphide  and  thiophen  in 
benzol.  The  Nickels  method  was  adopted  for  carbon  bisulphide,  and  the 
Deniges  method  for  thiophen.  Carbon  bisulphide  may  be  separated  by 
fractional  distillation,  but  removal  of  thiophen  requires  treatment  with 
the  strongest  sulphuric  acid,  which  involves  a  loss  of  8  to  12  per  cent  of  the 
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benzol.  ExperiiiMats  with  osone,  hydtogoi  peroxidei  and  lead  oxide  ks 
removiag  thiophen  were  not  sadBfactory. 

116.  FosBL,  8.    Ueber  die  Deetillation  von  technisch  reinem  Bensol  und  eeinea 

Homdogeny  sowie  von  techniBchen  Benzden  (90-pfoc.  u.  50-pn)c.)  und 
einigen  Miachungen  von  Benzoic  Toluol,  und  Xylol.  Ohem.  Ztg.,  Jafaig. 
21,  May  19,  1897,  pp.  39a-394.  Desciibes  diatillatioii  flask  and  column. 
Tables  show  results  of  diBtiUing  mixtures  of  benzol,  toliud,  and  xylol. 

117.  Frank,  Fbitz.    Commercial  benzol.    Gaa  World,  vol.  36,  1902,  pp.  182-184; 

Jour.  Gas  Lifting,  vol.  78,  Aug.  6,  1901,  pp.  341-342.  Beviews  history  of 
benzol,  and  describes  uses  and  tests  (boiling  point,  specific  gravity,  carbon 
bisulphide,  thiophen,  paraffin  hydrocarbons,  olefins,  resinifiable  unBatoraled 
compounds,  smell,  kindling  point).  German  prices  and  imports  duriqg  the 
period  1890  to  1900,  are  given.    From  Chem.  Ind.,  1901. 

118.  — — »    Der  Handelsverkehr  mit  Benzolen,  ihre  Zusammensetzung,   Unter- 

suchung  und  Verwerthung.  Chem.  Ind.,  Jahrg  24,  Apr.  15,  May  1,  1901, 
pp.  237-241, 262-266.  Beviews  early  history  of  benzol  industry  and  literature 
on  determination  of  boiling  point;  gives  details  and  a  drawing  of  Bannow's 
distillation  apparatus  as  modified  by  Kraemer  and  SpUker;  also  directionB 
for  taking  specific  gravity,  determining  carbon  bisulphide  by  Liebermann 
and  Seyewetz  method,  determining  paraffins  according  to  Lungers  method, 
finding  amount  of  resinous  and  unsaturated  bodies,  and  for  detennimqg  indi- 
vidual benzene  homologues,  in  commercial  benzol.    States  uses. 

119.  Fhibwell,  R.  J.    An  improved  method  of  purifsring  toluene,  benzene,  etc. 

Chem.  News.,  vol.  68,  July  21,  1893,  p.  27;  Jour.  Soc.  Chem.  Ind.,  vol.  12, 
July  31 ,  1893,  pp.  589-690.  Process  intended  for  purifying  products  obtained 
in  making  oil-gas.  Purification  of  toluol  by  agitation  with  concentrated  or 
fuming  sulphuric  acid  is  not  recommended.  Crude  toluene  boiling  between 
110^  and  130°  C.  should  be  agitated  thoroughly  lor  4  hours  with  10  per  cent  by 
volume  of  sulphuric  acid,  specific  gravity  1.803,  then  drawn  off,  washed  once 
with  enough  caustic  soda  to  remove  traces  of  the  acid,  and  rectified.  Loss 
should  not  exceed  5  per  cent. 

120.  Hailstone,  H.  J.    Estimation  of  sulphur  in  coal  gas  and  benzol.    Gas  World, 

vol.  58,  1913,  p.  37.  Products  of  combustion  of  either  gas  or  benssol  are  led 
through  a  solution  containing  hydrogen  peroxide  in  the  presence  of  ammonia. 
Resulting  sulphur  trioxide  is  precipitated  as  barium  sulphate. 

121.  Haibsio,  Max.    Ueber  Dichten  von  Benzol  und  Toluol-Mischungen.    Chem. 

Ztg.,  Jahrg.  21,  Nov.  10, 1897,  p.  939.  A  table  shows  specific  gravity  at  17.5^  C. 
of  mixtures  of  benzene  and  toluene  from  100  per  cent  benzene  to  100  per  cent 
toluene,  at  differences  in  content  of  2}  per  cent. 

122.  Haller,  Albin,  and  Michel,  Edmond.    Sur  un  ptoc&A6  de  purification,  an 

moyen  du  chlorure  d 'aluminium,  de  carbures  renfetmant  du  thioph^e,  see 
homologues  et  d  'autres  impuret^.  Application  A  la  purification  du  benzene 
et  du  toluene.  Bull.  Soc.  chim.  France,  t.  15,  ser.  3,  Sept.  5, 1896,  pp.  1065- 
1070.  Aluminium  chloride  may  be  used  to  purify  large  quantities  of  ben- 
zene. The  hydrocarbon  is  agitated  with  aluminium  chloride,  after  a  time 
decanted  from  viscous  liquid  produced,  and  then  distilled  in  the  absence  of 
water.  Benzene  which  has  been  purified  with  sulphuric  acid  requires  about 
1  per  cent  of  aluminium  chloride;  but  crude  hydrocarbon  boiling  at  80  to 
81^  may  require  as  much  as  5  per  cent.  Process  ia  applicable  to  toluene, 
but  results  are  less  satisfactory. 

123.  Hakdinq,  E.  p.,  and  Doran,  J.    Quantitative  determination  of  carbon  bisul- 

phide in  a  mixture  of  benzene  and  carbon  bisulphide.  Jour.  Am.  Chem. 
Soc.,  vol.  29,  October,  1907,  pp.  1476-1480.  Author  reviews  liteiature;  his 
method  depends  on  formation  of  potassium  xanthate,  by  a  potassium  hydroi- 
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.  ide  solution  from  mixturee  of  bemsene  and  carbon  bimilphide.  The  potas- 
fdum  xanthftte  ia  titrated  with  an  exceas  of  standard  cupiic  acetate  sohitiony 
and  the  excess  of  cupric  acetate  determined  by  sodlimi  thioeolphate. 

124.  HBNBiat7BSy  R.    Qoantitatiye  Trennung  von  Steinkohlentheer-und  Petrolenm- 

Kohlenwasaerstoffen.  Ohem.  Ztg.,  Jahig.  19,  liay  22,  1895,  pp.  95^-959. 
Coal-tar  hydrocarbons  may  be  separated  from  petroleum  hydrocarbons  by 
treating  a  mixture  of  the  two  with  twice  its  volume  of  sulphuric  acid  con- 
taining 5  per  cent  of  sulphur  trioxide.  The  coal-tar  hydrocarbons  axe  en- 
tirely dissolved. 

125.  Hbuslbb,   F.    Beitzfige    zur    Ghemie    des  Brannkohlentheera.    Ber.   Deut. 

chem.  GeseU.,  Jahig.  25,  Bd.  2, 1892,  pp.  1665-1678;  28,  Bd.  1,  1895,  pp. 
488-498.  Discusses  oxidation  of  coal-tar  hydrocarbons  by  {lotaasium  perman- 
ganate in  alcoholic  solution  in  the  cold  (G.  Wagner's  method  of  8ei>aration); 
method  of  separation  by  fractional  bromination;  and  action  of  sulphuric 
acid  of  various  strengths  on  hydrocarbons.  Benzene  and  toluene  were  esti- 
mated by  formation  of  dinitro  products.  Methods  are  given  for  proving 
presence  of  paraffins,  terpenes,  indene,  cumazone,  and  naphthalene.  A 
detailed  analysis  of  the  fraction  of  coal-tar  boiling  below  180^  is  included. 

126. Uber  die  Entfemung  des  Thiophens  aus  dem  Benzol  mittels  Alumini- 

umchlorid.  Ztschr.  angew.  Chem.,  Jahig.  9,  Dec.  15,  1896,  p.  750;  Jour. 
Chem.  8oc.,  vol.  72, 1897,  pt.  1,  p.  402.  Thi^hen  was  removed  from  benzol 
by  boiliiig  9  hours  in  a  reflux  apparatus  with  aluminum  chloride.  (5.8  g. 
ol  aluminium  chloride  to  120  c.  c.  of  benzol.)  The  distillate  was  washed 
with  caustic  soda  and  dried  with  calcium  chloride. 

127.  HoiBB,  David.    Zur  Unterscheidung  von  Benzol  und  Eiddlbenzin.    Jahrb. 

Chemischen  Technoli^,  Jahig.  41,  1896,  pp.  554-555.  Gives  directions 
for  distingnishing  between  benzol  and  benzine  through  the  different  solu- 
bility of  asphalt  in  these  products. 

128.  HuBBABD,  Pbbvost.    Coko-oveu  tars  of  the  United  States.    OflSce  of  Public 

Roads  Circular  97.  1912, 11  pp.  C<mtains  a  well-tabulated  series  of  analyses 
of  coke-oven  tan  obtained  from  representative  manufacturers  throughout  the 
United  States.  li^t  oils  run  from  0.3  per  cent  to  2.5  per  cent,  most  tars 
giving  between  1  and  2  per  cent. 

129.  Ibwin,  Wilfbid.    A  new  test  for  sulphur  in  benzol  for  use  in  gas  wraks.    Jour. 

Soc.  Chem.  Ind.,  vol.  20,  May  31, 1901,  pp.  440-442.  (See  aho  Lunge,  Geoig, 
Coal-tar  and  ammonia,  1909,  p.  774.)  Discusses  sulphur  in  benzol,  and 
ordinary  tests  for  it.  Proposes  a  new  method,  an  adaption  ci  the  barium 
sulphate  method  of  testing  for  sulphur  in  gas.  Specifications  lor  commer- 
cial benzol  are  given. 

130.  Jaoobsen,  Osoab.    Ueber  die  Entstehung  der  Benzolkehlenwassecstoffe  bei  der 

trocknen  Destillation.  Ber.  Deut.  chem.  Gesell.,  Jahig.  10,  Bd.  1,  1877, 
pp.  853-861;  1009-1015.  Explains  formation  of  benzene,  toluene,  xylene, 
mesitylene  by  condensation  of  simpler  hydrocarbens  formed  during  heating, 
and  describes  hia  researches  on  phoron-cumol,  and  on  the  recovery  of 
xylenes  from  tar-oil. 

131.  Johnson,  E.  S.    Determination  of  carbon  disulphide  and  total  sulphur  in  com- 

mercial benzene.  Jour.  Am.  Chem.  Soc.,  vol.  28,  August,  1906,  pp.  1209- 
1220;  Jour.  Soc.  Chem.  Ind.,  vol.  25,  Oct.  15, 1906,  pp.  955-956.  Estimate 
carbon  bisulphide  by  converting  by  potassium  hydroxide  into  potassium 
xanthate,  precipitating  with  copper  sulphate,  and  weighing  as  copper  oxide. 
Estimate  sulphur  by  converting  with  a  stream  of  oxygen  into  sulphuric  add 
and  weighing  as  sulphate. 

132.  Ebieger,  a.    Benzolbestimmung  im  Gase.    Jour.  Gasbel.,  Jahig.  58,  Feb.  6, 

1915,  pp.  61-64;  Chem.  Abs.,  vol.  9,  Aug.  10, 1915,  pp.  2141-2142;  Am.  Gas 


232  GA80LIKE  Ain>  BEKZESE-TOLUE^TE. 

light  Jour.,  vol.  102,  1915,  pp.  29»-a00:  Jour.  Gas  li^tiBe.  ^1>  I^.  I^:. 
p.  450;  Jour.  Soc.  Chem.  Ind.,  vol.  34,  Mar.  31,  1915,  p.  3^.  Sumname! 
earlier  work  on  benzol  detemrinatian  Andbor  aMwlifiw  MoOo-'s  Method  :t 
washing  gas  with  cooled  paiaffin  oil,  and  Bakaa  it  svaflable  for  coke^THi 
gas  by  Qstng  improved  abaorpdon  appaates^  iTfaui  m  aliauibed  aizus 
quantitatively.    Details  of  method  are  given. 

133.  LuKGB,  Gboro.    Coal  tar  and  ammonia,  1909.     Cbaplcr  entjtfed   ''BenaoK— 

physical  and  chemical  propcrticB"  (pp.  177-183 1  m  vatoaUe  ior  its  k-og  hfi 
of  references.  Chapter  entitled  "Toloene — phyaMsl  and  dKmical  pr.per- 
ties"  (pp.  183-1S4)  also  contains  references.  In  <Aapcer  cntiiied  -^Thkr^ 
of  the  formation  of  benzene  hydrocarbons  in  coal  tar  **  i  pp.  241-24o  the  axi:h-:r 
discusses  formation  of  benzene  from  acetylene  and  otlKr  hjdiuinrbona  acd 
gives  many  references  to  the  Utentore. 

134.  LuNOE,  Gbobo,  and  Bbbl,  Esnst.    Chendscb-terhniHrhe  rntusuLhenesmeth- 

oden.  Berlin,  1911,  Bd.  3.  In  the  chapter  on  "Bestimmmisr  dea  BeozcA- 
dampfes''  (pp.  275-281)  the  Deville  method  of  freeaing  ont  liwiime  frcni 
gaseous  mixtures  at  —22^  C,  and  the  Haibeck  and  Lnnge  metliod,  ae  modi- 
fied by  Lunge,  of  determining  benzene  as  dinitnibenzcne,  are  deacnbed  in 
detail.  Many  references  to  literatore.  Chapter  entitled  "  Untemidinzks  der 
Handelsbenzole"  (pp.  407-423)  gives  distillation  tables  and  methods  of  dis- 
tilling, literature  on  analytical  methods  for  caibonbiao^ihide,  for  tikiop^^ 
for  parafOb  hydrocarbons,  and  for  unsatnrated  and  reanoos  conaponnds  is 
reviewed.  Shows  methods  of  distinguishing  between  petioleam  and  coal-ttf 
products.  Cniapter  oititled  "Untersnchui^  des  LeichtalB"  (pp.  391-39n 
contains  many  references  and  describes  properties  of  li^t  oil;  anahrticai 
methods  are  given  for  detennining  specific  gracvity,  boiling  point,  amonnt  of 
phenols  and  pyridine  bases  present^  and  for  mnning  d'^tiHatinn  testa.  Tables 
of  distillation  tests  of  mixtures  of  benzol  and  toluol  are  included. 

135.  LuNOE,  Gboro,  AND  VON  KiLEs,H.    Untenwchung  Zweier  Rohbenzole  ans  Koto- 

ofengasen.  Ztschr.  angew.  Chem.,  Jahig.  7,  Nov.  1, 1894,  ]^.  637-^40;  Joor. 
Soc.  Chem.  Ind.,  vol.  14,  Feb.  28,  1895,  p.  143;  IGnerai  Ind.,  voL  5, 
1896,  p.  189.  Distingnishes  two  varietieB  of  erode  benzol— abearpticD 
benzol  and  compression  benzol — discusses  chemical  composition,  physical 
properties  and  tests,  and  gives  tables  of  distillationft  of  these  products.  A 
90  per  cent  benzol  from  Upper  Silesia  was  examined  by  diatillation  Compo- 
sition by  weight  of  benzols:  Abeorption  benzol,  85.10  per  cent  benzene,  11.63 
toluene,  1.54  xylene;  compression  benzol,  67.03  per  cent  benzene,  15.61 
toluene,  2.18  xylene.    All  other  constituents  are  given. 

136.  Marks,  Asthur.    Benzol  as  a  motor  fuel;  imparity  tronbles.    Gas  Worki, 

voL  62,  May  1,  1915,  Coke  section,  p.  15.  Tests  for  carbon  bisolphide  and 
sulphuiic  add  are  important.  Sulphuric  acid  may  be  neatratized  by  mixix^ 
benzol  with  |  to  }  its  amount  of  petrol,  which  is  generally  alkaline.  When 
higher  fractions  boiling  over  150®  C.  are  allowed  to  pass  over  in  distillation 
of  light  oil,  the  benzol  may  contain  cumarone,  which  is  extremely  objec- 
tionable and  not  readily  detected. 

137.  Mastbauii,  H.    Benzin  und  Benzol.    Ztschr.  angew.  Chem.,  Jahig.  22,  Jan- 

29,  1909,  p.  202.  The  French  nomenclature  is  followed  in  Portugal  for 
differentiating  the  petroleum  from  the  coal>tar  distillate,  the  first  beii^ 
"ether  de  petroleo"  and  the  second  "benziua,"  "benzenio,"  or  "benzol." 

138.  Nobthall-Lattbib,  D.    A  new  method  fcnr  the  detomination  of  toluene  in 

commercial  tolnols.  Analyst,  vol.  40,  September,  1915,  pp.  384-^9.  Mix- 
tures of  benzene  and  toluene,  toluene  and  xylene,  of  known  composition,  by 
volume,  were  prepared  and  their  boiling  points  determined.  By  plotting 
the  boiling  points  against  percentages  a  curve  was  drawn,  from  which  the 
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composition  by  volume  for  all  boiling  points  could  be  read.  Detailed  direc- 
tions for  working  and  fuU  description  of  apparatus  are  included.  More 
than  50  per  cent  of  toluene  must  be  present  or  toluene  must  be  added  in 
known  amount  to  the  sample. 

139.  Reeve,  0.  S.,  and  Lewis,  R.  H.    Application  of  the  dimethyl  sulphate  test 

for  determining  small  amounts  of  petroleum  or  asphalt  products  in  tars. 
Jour.  Ind.  Eng.  Ghem.,  vol.  5,  April,  1913,  pp.  293-295.  Reviews  literature 
on  this  test  for  separating  aromatic  from  open-chain  hydrocarbons. 

140.  RrmiAN,  W.  F.,  and  Eglopf,  Gustav.    Physical  constants  of  gas  oils  and 

derived  tars.  Jour.  Ind.  Eng.  Ghem.,  vol.  7,  June,  1915,  pp.  481-484.  Gives 
fractional  distillation,  specific  gravity,  surface  tension,  and  refractive  index 
of  4  gas  oib  and  the  derived  tars.  Difference  between  constituents  of  an 
aliphatic  oil  and  of  its  derived  tar  are  made  evident  by  differences  between 
volatility-gravity,  volatility-refractive  index,  and  volatility-surface  tension 
relations.  Aromatic  hydrocarbons  can  be  formed  from  the  aliphatic  hydro- 
carbons in  petroleum.  Various  physical  constants  of  typical  gas  oils  and 
of  derived  tars  have  been  tabulated. 

141.  ScHELENZ,  Hermann.    Benzin  und    Benzol.    Ztschr.  angew.  Ghem.,  Jahrg. 

21,  Dec.  18, 1908,  pp.  2577-2579.  Discusses  various  names,  past  and  present, 
used  to  denote  coal-tar  fraction  and  petroleum  fraction. 

142.  ScHENK,  KoNRAD.    HbeT  die  Bestimmung  des  Gesamt-Schwefels  im  Handels- 

benzol.  Ghem.  Ztg.,  Jahrg.  38,  Jan.  17,  1914,  pp.  83-84;  Gas  World,  vol. 
60, 1914,  p.  490.  The  benzol  is  burned  in  a  specially  constructed  apparatus, 
sulphur  dioxide  absorbed  in  a  1  per  cent  hydrogen  peroxide  solution,  and 
sulphuric  acid  estimated  by  titration  with  decinormal  alkali,  and  methyl- 
orange  as  an  indicator. 

143.  ScHWALBB,  Garl.    Sulphur  content  of  pure  benzols.    Jour.  Soc.  Ghem.  Ind., 

voL  24,  Mar.  31,  1905,  p.  271;  from  Ztschr.  Farben-u  Textil-Ind.,  Jahrg.  4, 
1905,  pp.  11^119.  Presents  a  table  showing  sulphur  content  of  several 
commercial  benzols  and  discusses  various  methods  of  testing. 

144.  Yerfahren  zur  Ausscheidung  der  Schwef elver bindungen,  insbeeondere 

des  Schwefelkohlenstoffs  und  Thiophens  aus  Theerdldestillaten.  German 
patent  133,761  Klasse  12o.,  Dec.  10,  1901.  Oil  to  be  purified  is  shaken 
with  ammonia  in  gas  or  liquid  form.  The  benzol  when  removed  from  the 
oily  residue  formed  is  free  from  carbon  bisulphide. 

145.  SHrrn,  J.  K.    Imperishable  color-standard  solutions,  and  their  application 

to  the  classification  of  benzol  washing  tests.  Jour.  Soc.  Ghem.  Ind.,  vol. 
18,  Mar.  31, 1899,  p.  212.  Many  practical  observations  on  commercial  testing 
of  benzol.  Three  tests  are  discussed  in  detail;  specific  gravity  test,  behavior 
of  benzol  on  distillation,  and  behavior  with  acid. 

146.  Soci^T]^  Anonyhe  de  St.  Denis.    Yerfahren  zum  Ausscheiden  des  Thio- 

phens aus  dem  Rohbenzol.  German  patent  79,505,  Klasse  12,  July  27, 
1894.  Gnide  benzol  is  heated  several  hours  with  0.5  per  cent  of  aluminium 
chloride,  then  decanted,  distilled,  and  washed  with  a  concentrated  solution 
of  sodium  carbonate.  The  process  depends  on  aluminium  chloride  forming 
condensation  products  with  thiophen  more  easily  than  with  benzene  hydro- 
carbons. 

147.  Stavorinus,  D.    Zur  Bestimmung  des  Schwef elkohlenstoSs  im  Benzol.    Jour. 

Gasbel.,  Jahrg.,  49,  Jan.  6,  1906,  p.  8;  Jour.  Soc.  Ghem.  Ind.,  vol.  25,  Feb. 
15,  1906,  p.  139.  Twenty-five  c.  c.  of  sample  are  mixed  with  70  c.  c.  of  96 
per  cent  alcohol  and  10  c.  c.  of  twice-normal  sodium  hydroxide.  After 
half  an  hour  5  c.  c.  of  concentrated  hydrogen  peroxide  is  added,  the  alcohol 
removed  by  evaporation,  and  the  sulphate  estimated. 
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148.  Thorpk,  Edwakd.    Dictionary  of  applied  chemistry;  benzene.      Vol.  1,  1911 

pp.  439-447.  Surveys  chemical  and  physical  properties  of  b^oseoe  and  its 
homologues,  methods  of  preparation,  purification,  and  nitratiQii. 

149.  Valbnta,  E.    Uber  die  Verwendung  von  Dimethylnnilfat  £um  Nachweis  and 

sur  Bestimmung  von  Teer61en  in  Gemischen  mit  Han61en  und  Minenlolea 
und  dessen  Yerhalten  gegen  fette  Ole,  Terpentin61  und  Pinolin.  Chem.  Ztg., 
Jahig.  30,  Mar.  1906,  pp.  266-267.  Dimethyl-sulphate  diaBolves  true  tar 
oils,  leaving  any  mineral  oil  or  resin  oil.  An  accurately  measured  amount  of 
oil  should  be  shaken  with  twice  its  quantity  of  dimethyl-sulpliate. 

150.  VoTOCEK,  £.,  AND  PoTMSsiL,  R.    Qualitative  Bestimmung  von  Schwefelkohl- 

enstofif  in  technischen  Benzolen.  Chem.  Repertorium,  suppl.  to  Ch^n. 
Ztg.,  Jahrg.  25,  Sept.  21,  1901,  p.  275.  This  rapid  method  depends  on  Hof- 
mann's  reaction  between  carbon  bisulphide  and  aniline.  The  alkaline 
sulphide  formed  is  detected  by  the  nitroprusside  reaction. 

151.  Weiss,  J.  M.    Coal-tar  light  oil  in  the  United  States;  the  manu&tcture,  nature, 

and  uses  of  products  derived  therefrom.  Jour.  Ind.  Eng.  Chem.,  vol.  5,  Jan- 
uary, 1913,  pp.  61-65.  Describes  in  detail  method  of  rfigtilling  lig^t  oil  and 
the  uses  of  benzols  in  rubber,  paint,  and  vamiflh,  lacquers,  and  imitation 
lacquers,  and  miscellaneous  industries.  Gives  table  of  properties  of  benzols. 
Discusses  method  of  working  up  and  uses  of  carbolic  acid.  Production 
figures  are  for  1910-1911. 

152.  Commercial  benzol  in  the  United  States.    Jour.  Ind.  Eng.  Chem.,  vol.  3, 

January,  1911,  pp.  10-13.  Briefly  discusses  manufacture  and  uses  of  ben- 
zol. Outlines  commercial  tests.  Conunercial  benzol  is  a  mixture  of  ben- 
zene, toluene,  xylene  in  proportion  varying  according  to  the  purity  of  b^izol. 

153. Determination  of  carbon  bisulphide  in  benzol.    Jour.  Ind.  Eng.  Chem., 

vol.  1,  August,  1909,  pp.  604-605.  Describee  in  detail  method  based  on 
conversion  of  carbon  bisulphide  into  potassium  xanthate,  the  oxidation  of 
latter  by  bromine  in  alkaline  solution,  and  precipitation  of  sulphur  as  barium 
sulphate. 

154.  Whitr,  a.  H.,  and  Hess,  W.  A.    Composition  of  some  coal  tars  from  American. 

gasworks.  Jour.  Soc.  Chem.  Ind.,  vol.  19,  June  30,  1900,  pp.  509-510. 
Amount  of  light  oil  by  weight  ran  from  0.49  per  cent  to  3.2  per  cent.  Authois 
state  that  American  tars  examined  are  inferior  to  German  tars  and  are  not 
well  adapted  to  by-product  recovery.    Results  are  tabulated. 

155.  Young,  Sydney,  and  Fortey,  Emily.    The  vapor  pressures  and  boiling  pointi 

of  mixed  liquids.  Jour.  Chem.  Soc.,  vol.  83,  pt.  1,  1903,  pp.  45-77.  On 
page  59  is  a  table  of  boiling  points  of  mixtures  of  benzene  and  toluene  for 
pressures  of  660  to  830  mm. ,  and  for  24.94,60.00,  and  72.46  per  cent  of  toluene. 

156.  Anonymous.    Distinguishing  between  petroleum  benzine  and  coal-tar  benzene. 

Jour.  Soc.  Chem.  Ind.,  vol.  15,  Jan.  31, 1896,  p.  53,  from  Mitt.  k.  k.  Versuch- 
sanst.,  Bd.  13,  1895,  p.  241.  Mixtures  of  petroleum  benzine  and  coal-tar 
benzene  may  be  analyzed  by  relative  solubility  of  asphalt  in  them.  As  an 
empirical  test  this  method  is  satisfactory. 

157. The  estimation  of  benzol.    Jour.  Gas  Lighting,  vol.  131,  July  27, 1915,  p. 

180.  A  measured  volume  of  coke-oven  gas  is  passed  throu^  nitro-benzene 
or  creosote  oil.  The  product  is  distilled  up  to  120^  C.  (distilling  to  l^"*  G. 
is  suggested),  and  from  the  benzol  obtained  the  number  of  gallons  of  benzol 
per  ton  of  coal  may  be  calculated. 

158. The  Marchal  apparatus  for  estimating  the  value  of  by-products  in  fuel 

Coll.  Guard.,  vol.  95,  May  8,  1908,  pp.  881-882.  Illustratee  an  appsntuff 
by  which  coal  may  be  carbonized  on  a  small  scale  and  yield  of  by-fnodncts 
obtained  automatically  in  a  series  of  washing  flasks. 
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159.  Anontmoitb.    War  Office  benzol  test.    Gas  World,  vol.  62,  Feb.  6, 1915,  Ck>ke 

section,  p.  21.  Gives  detailed  directions  for  distillation  test  of  benzol.  In 
Great  Britain  a  permit  to  sell  must  be  obtained  from  the  High  Explosives 
Committee  if  95  per  cent  of  the  benzol  does  not  distill  over  below  90^  C. 

PBODXJCnON  OF  GASOLINE  AND  ABOHATIC  HYDBOCABBONS 

FBOIC  PETBOLBTTM. 

160.  Adiasiewttsch,  A.  W.    Verfahren  zur  Behandlung  von  Erddlen  und  Bitumen 

behufs  Gewinnung  von  festen  Harzen  und  aromatischen  Rohlenwasserstoffen. 
Chem.  Central-Blatt,  Jahrg.  67,  Jan.  22,  1896,  p.  401;  from  Journal  of  the 
Bussian  Physical-Chemical  Society.  Deoxygenized  air  is  blown  through  oil 
residues  at  150^  to  200^,  while  the  oil  is  subjected  to  electric  discharges. 

161.  Abmstrono,  H.  E.    On  the  manufacture  of  gas  from  oil.    1.  Preliminary  note 

on  certain  by-products  of  the  manufacture  of  gas  from  oil  by  the  Pintsch 
process  in  relation  to  the  question  of  the  conditions  under  which  benzenoid 
hydrocarbons  are  formed.  Jour.  Soc.  Chem.  Ind.,  vol.  3,  Sept.  29,  1884, 
pp.  462-468.  Naphthenes,  and  olefins  from  ethylene  to  monylene,  and 
also  crotonylene  were  found  among  the  products  of  cracking. 

162.  Armstbong,  H.  E.,  and  Miller,  A.  K.    On  the  decomposition  and  genesis  of 

hydrocarbons  at  high  temperatures — The  products  of  the  manu&cture  of 
gas  from  petroleum.  Jour.  Chem.  Soc.,  vol.  49, 1886,  pp.  74-93;  Chem.  News, 
vol.  51,  Jime  26,  1885,  pp.  307-308.  Describes  methods  of  separation  and 
chemical  bduivior  of  the  hydrocarbons  formed.  In  manufacture  of  oil  gas 
benzene,  toluene,  and  other  aromatic  hydrocarbons  were  obtained  by  com- 
pression. The  liquid  deposited  during  decomposition  of  gases  at  10  atmos- 
pheres pressure  was  a  complex  mixture  of  hydrocarbons  rich  in  aromatic 
compounds. 

163.  BoissiEu,  M.  DE.    Pyrogenation  appliqu^e aux  r^sidus  de  pdtroles  russes.    Bull. 

Soc.  chim.  France,  t.  64, 1893,  pp.  2-3.  By  dry  distillation  the  residue  known 
as  mazOutt  yielded  12  to  15  per  cent  of  aromatic  hydrocarbons,  and  might 
have  yielded  more  by  quick  lowering  of  temperature  or  by  pressure.  Most 
of  the  crude  benzol  distilled  between  100^  and  140^.  The  amounts  of  ben- 
zol, toluol,  and  xylol  were  8.04,  2.57,  and  1.05  per  cent. 

164.  DvoRKOvrrz,    Paul.*    Distillation,   cracking,   and  gasification  of  petroleum 

hydrocarbons.  Petroleum  Rev.,  vol.  17,  Sept.  28,  1907,  pp.  176-179.  Dis- 
cussesaction  of  heat  on  petroleum  hydrocarbons  below  and  above  their  boiling 
points,  and  gives  practical  applications.  Illustrates  an  apparatus  for  mann- 
ufacturing  aromatic  hydrocarbons  from  petroleum. 

165.  Die  Vergasung  von  Kohle  und  fltkssigen  Eohlenwasserstofifen.    Jour. 

Gasbel.,  Jahig.  37,  1894,  pp.  10-11;  Jour.  Soc.  Chem.  Ind.,  vol.  12,  May  31, 
1893,  pp.  403-412.  Describes  manufacture  of  gas  from  coal  and  from  oil. 
Oil  vapors  were  led  over  hot  plates  at  1,300**  (704°  C.)  to  1,600°  P.  (871°  C), 
and  a  large  amount  of  aromatic  hydrocarbons  obtained. 

166.  Edeleanu,  L.    Die  Petroleumindustrie  in  Rumftnien  und  die  Chemie  des 

rum&nischen  Petroleums.  Chem.  Rev.  Fett-Harz-Ind.,  Jahig.  8,  1901,  pp. 
63-66.  Discusses  possibility  of  obtaining  benzene  and  toluene  from  petro- 
leum by  superheating.  By  superheating  a  fraction  obtained  at  70°  to  170"^ 
yielded  30  per  cent  of  aromatic  hydrocarbons. 

167. Refining  petroleum  by  liquefied  sulphur  dioxide.    Bull.  Am.  Inst.  Min. 

Eng.,  No.  93,  Sept.,  1914,  pp.  2313-2332.  If  petroleum  distillate  b  agitated 
with  liquid  sulphur  dioxide  at  low  temperatures  aromatic  hydrocarbons  are 
dissolved,  but  parafiins  and  naphthenes  are  unaffected.  Thus  a  distillate 
may  be  obtained  practically  free  from  aromatic  constituents. 
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168.  Enoler,  C,  and  von  H5fbr,  H.    Dm  EidOl,  Bd.  1,  1913.    Chapter  entitled 

''Dantellung  von  aiomatuchen  KohlenwaflBeiBtofiten  aus  Erddl  und  Erdol- 
rflcket&nden,"  pp.  587-593,  ib  extremely  useful  for  its  survey  of  European  lit- 
erature on  aromatic  hydrocarbons  from  petroleum,  which  contains  many 
abstracts  of  papers  not  easily  obtained  in  America. 

169.  Fasadat,  Michael.    On  new  compounds  of  carbon  and  hydrogen,  and  on  cer- 

tain other  products  obtained  during  the  decomposition  of  oil  by  heat. 
Philos.  Trans.  Roy.  Soc.  London,  vol.  115, 1825,  pp.  440-466.  Of  great  liis- 
torical  interest,  as  Faraday  was  the  first  investigator.  Describes  a  new  com- 
pound, termed  ''Bicarburet  of  hydrogen"  but  now  known  as  ''benzol." 
This  compound  was  found  in  tar  from  oil  gas  made  from  fish  or  vegetable 
oil. 

170.  Lbtny,  a.    Ueber  die  Einwirkung  hoher  Temperatur  auf  Petroleiun,  Braan- 

kohlentheer  und  andere  &hnliche  Stoffe.  Dingl.  poly.  Jour.,  Bd.  229, 1878, 
pp.  353-365.  Light  oils  were  obtained  from  heavy  petroleum  by  conduct- 
ing it  through  a  tube  heated  to  not  over  300^  C.  The  tar  contained  many 
aromatic  hydrocarbons.    A  good  article  with  careful  tests  and  much  data. 

171.  Lewes,  V.  B.    The  production  of  oil  gas  from  Russian  petroleum.    Jour.  Soc. 

Chem.  Ind.,  vol.  11,  July  30,  1892,  pp.  584-590.  Discusses  formation  of 
benzene  in  cracking  oil  at  temperatures  of  500°  to  1,000°  0.  Three  methods 
of  benzene  formation  are  given:  Polymerization  of  acetylene,  decompod- 
tion  of  higher  paraffins  into  benzene  and  hydrogen,  and  decomposition  of 
naphthenes.  Amount  of  unsaturated  hydrocarbons  decrease  with  higher 
temperature;  saturated  and  acetylene  compounds  increase.  At  hig^  tem- 
perature the  unsaturated  split  off  saturated  compounds. 

172.  NiKiFOBOFF,  A.    Gewinnung  von  Benzol  aus  Erd5l  und  ErddlrQckstanden. 

Chem.  Ztg.,  Jahig.  20,  Bd.  1,  Jan.  1,  1896,  p.  8.  The  hydrocarbons  boiling 
below  200°  0.  are  first  distilled  off,  and  remainder  subjected  to  a  second  dis- 
tillation under  2  atmospheres  pressure  at  high  temperature.  Yield  of  benzol 
is  12  per  cent  of  weight  of  oil  used. 

173.  OoLOBUN,  W.  N.    Die  Daxstellung  von  Benzol  und  seiner  Homologen  aus 

russischem  Naphta  nach  dem  Verfahren  A.  N.  Nikiforoff.  Chem.  Central- 
Blatt,  Jahrg.  75,  Bd.  2,  Sept.  14,  1904,  p.  830;  from  Ztschr.  Farb.-Textil- 
Chem.  Describes  Nikiforoff's  process.  Production  of  aromatic  hydro- 
carbons is  easiest  from  crude  petroleum.  Method  of  consecutive  decom- 
position results  in  dehydrogenation  of  naphthenes,  and  their  transformation 
into  aromatic  hydrocarbons.  Describes  details  of  obtaining  tar,  and  of  its 
fractional  distillation.  Benzol  and  toluol  obtained  from  petroleum,  accord- 
ing to  results  of  N.  D.  Zelinski  are  free  from  thiophene  and  its  homologues, 
dehydro  and  tetra-hydro  compounds.  Absence  of  sulphur  compounds, 
bases,  phenols,  etc.,  makes  the  use  of  alkaline  and  acid  purification  agents 
unnecessary. 

174.  Preparation  of  benzene  and  its  homologues  from  Russian  petroleum. 

Jour.  Soc.  Chem.  Ind.,  vol.  23,  Oct.  15,  1904,  p.  931;  from  Ztschr.  Farb. 
Text'il-Chem.  NikiforofTs  method.  Petroleum  is  first  heated  to  525°  to 
550°  C.  in  iron  retorts  fitted  with  iron  channels  through  which  petroleum 
flows.  The  portion  obtained  boiling  below  200°  C.  is  agam  distilled  under  2 
atmospheres  pressure  at  700°  to  1,200°  C,  and  fraction  boiling  up  to  120°  C, 
which  is  called  ''gray  benzol,^'  amounts  to  12  per  cent  of  original  petroleum. 
Fraction  obtained  at  120°  to  200°  C.  is  again  decomposed  under  2  atmospheres 
pressure. 

175.  Pamfilow,  S.  M.    Gewinnimg  von  Leuchtgas  und  aromatischen  Kohlewasser^ 

stoffen  aus  ErdOl.  Chem.  Ztg.,  Jahrg.  21,  Dec.  15, 1897,  p.  1069.  Petroleum 
vapor  was  passed  through  a  coiled  tube  at  continually  increasing  tempera- 
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tuie  below  that  required  for  oil  gas.  A  tar  containing  15  per  cent  of  benzol 
was  obtained. 

176.  Rbdwood,  Boybrton.    The  Bunian  petroleum  industry.    Jour.  Soc.  Chem. 

Ind.,  vol.  4,  Feb.  28,  1885,  pp.  70-81.  Astatki  is  decomposed  in  a  cupola 
regenerative  furnace  patented  by  Nobel,  and  benzene,  anthracene,  and 
naphthalene  obtained  by  two  distillations.  Yields  of  tar  and  of  hydro- 
carbons are  given. 

177.  RuPNEW,  W.    Ueber  die  Produkte  der  Destillation  des  Petroleumgastheers. 

Dingl.  poly.  Jour.,  Bd.  239,  1881,  pp.  72-74.  Ten  to  twelve  per  cent  of 
benzol,  also  some  toluol  and  naphthalene,  were  obtained  from  tar  formed  in 
making  oil  gas. 

178.  VBrTH,  Albx.    Gewinnung  aromatischer  Edrper  auis  den  Btickst&nden.   BoUey 

and  Wiedemann.  Handbuch  der  chemischen  Technologie;  E^dl.,  1862, 
p.  435.  Petroleum  residues  are  allowed  to  flow  through  red-hot  iron  tubes 
at  700^  to  800^.  On  an  average,  17  per  cent  of  benzol  is  obtained,  but  yield 
of  aromatic  hydrocarbons  depends  on  temperature  and  on  regularity  of  feed- 
ing.   Cofid-tar  gives  about  8  per  cent  of  benzol. 

179.  Williams,  Grbvillb.    Fluid  hydrocarbons  obtained  by  the  compression  of 

petroleum  gas.  Chem.  News,  vol.  49,  May  2,  1884,  p.  197.  When  the  gas 
obtained  from  petroleum  at  high  temperature  is  compressed,  as  in  Pintsch 
system,  a  liquid  containing  benzene,  toluene,  and  olefins  is  obtained. 
Describes  the  method  of  separation  of  olefins  from  benzene. 

180.  Zbunskt,  N.  D.    Ueber  die  Darstellung  aromatischen  Kohlenwasserstoffe  aus 

dem  ErdOl.  Chem.  Ztg.,  Jahig.26,  Jan.  22,  1902,  p.  68.  Describes  consecu- 
tive decomposition  under  increasing  pressure.  The  aromatic  fraction  passing 
over  between  75^  and  180^  amounts  to  14.1  per  cent  of  the  petroleum,  and 
contains  58  per  cent  of  benzol  and  28  per  cent  of  toluol.  Zelinsky  has  repeated 
Nikiforoff's  experiments  on  a  larger  scale. 

181.  Anonymous.  Neue  Gewinnungsmethode  von  Benzol,  NaphthaUn  und  Anthra- 

cen.  Dingl.  poly.  Jour.,  Bd.  246, 1882,  pp.  429-432.  Gives  many  references 
to  early  literature  on  production  of  aromatic  hydrocarbons  from  petroleum 
and  from  coal  tar.    Is  valuable  as  a  key  to  the  work  of  the  time. 

PATENTS    ON    THE    PRODUCTION    OF   AROMATIC    HYDR0CARBQ;N8    FROM 

PETROLEUM    (AND   TAR   OILS). 

182.  Abel,  C.  D.    Improvements  in  the  treatment  of  hydrocarbons  for  their  purifi- 

cation and  conversion  into  other  products.  English  patent  4,769,  1877; 
Chemische  Ind.,  Jahrg.  1,  1878,  p.  411.  Patent  covers  a  process  devised  by 
G.  Friedel  and  J.  M.  Grafts.  Hydrocarbons  are  treated  with  aluminum 
chloride  or  other  metallic  chlorides  at  temperatures  of  100^  to  600**  G. 
Metallic  oxides  also  may  be  added.  Petroleum  is  converted  into  light  oils; 
naphthalene  forms  benzene  and  toluene. 

183.  DvoRKOvrrz,  Paul.     Manufocture  of  gas  and  by-products  from  liquid  hydro- 

carbons. English  patents  7,983,  Apr.  27;  19,641 ;  21,647,  Nov.  26, 1892.  Proc- 
ess relates  to  manufacture  of  benzol  and  toluol  by  internal  heating  of  the  fix- 
ing chamber  for  gasifying  the  hydrocarbons.  Steam  is  decomposed  to  produce 
water-gas,  which  passes  into  gasifier,  where  liquid  hydrocarbon  is  gasified. 
The  water-gas  is  there  carbureted,  and  passes  into  the  fixing  chamber,  where 
benzol  and  toluol  are  deposited. 

184.  — • Treatment  of  liquid  hydrocarbons,  and  the  production  therefrom  of  gas 

and  valuable  by-products.  English  patent  23,671,  Dec.  5,  1894;  Jour.  Soo. 
Ghem.  Ind.,  vol.  15,  Feb.  29, 1896,  p.  104.  Petroleum  or  other  liquid  hydro- 
carbon flows  through  an  extensive  series  of  retorts  in  which  it  is  prQgr<?e8ively 
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subjected  to  tempetrntoies  langiiig  from  300®  0.  to  1,000®  C.  The  retortB  are 
of  great  width  and  of  small  depth  and  are  ananged  in  inveraely  inclined 
pontioDS,  connecting  pipes  being  heated  by  hot  gases  so  that  the  lowest  retcite 
rise  to  a  temperature  of  1,000®  C,  while  upper  retorts  are  at  300®  G. 
IS").  DyoBKoyiTE,  Paul.  Verfahren  und  Apparat  sur  Gewinnung  von  Gas  and 
werthvoUen  Nebenprodukten  aus  flOssigen  Kohlenwaaserstoffen.  GermaD 
patent  88,122,  Klasse  26,  Apr.  7,  1895;  Ber.  Deut.  chem.  Gesell.,  JTahig.  29, 
Bd.  4, 1896,  p.  930.  A  zigzag  furnace  in  which  oil  runs  down  over  flat  plates, 
the  lower  plates  being  at  higher  temperatures,  up  to  1,000®  G.  and  the  upper 
plates  at  300®  G.  The  oil  may  be  warmed  beforehand  by  passing  it  through 
heated  tubes. 

186.  Hausman,  J.,  AND  PiLAT,  8.    Verfahren  zur  Darstellung  aiomatischer  Kohlai- 

wasserstoffe  durch  Einleiten  von  Erddl  oder  ErddUrsktionen  in  Dampffomi 
in  erhizte  ROhren  liber  Kontaktsubstanzen.  Grerman  patent  227,178,  Klasse 
12o,  Apr.  1,  1909.  Petroleum  vapor  is  passed  into  a  heated  tube  containing 
a  contact  substance  consisting  of  an  oxide  or  peroxide  or  salt  of  some  metal, 
and  capable  of  acting  as  an  oxygen  carrier.  Iron,  lead,  cerium  oxides,  or 
manganese  peroxide,  iron  sulphate,  or  calciiun  manganite  may  be  used. 

187.  HmzEL,  Heinrich.   Verfahren  und  Apparat  zur  Destination  und  gleichzeitigen 

Reinigung  von  Petroleum,  Theer  und  Theer51en,  Harz  und  HarzOlen  u.  dg^ 
auch  zui  Z^rsetzungderselbenund  gleichzeitigen  Reinigung  der  Zersetzungs- 
produkte.  German  patent  34,315,  Klasse  23,  Apr.  21, 1885;  Ber.  Deut.  ch^n. 
Gesell.,  Jahrg.  19,  Bd.  3, 1886,  p.  121.  Aromatic  hydrocarbons  were  formed 
by  passing  petroleum  vapors  through  a  container  filled  with  porous  material, 
such  as  wood  carbon,  heated  to  glowing.  See  German  patent  45,769,  Klasse 
26,  1888,  for  further  description  of  the  api>aratus. 

188.  Hlawaty,  F.    Verfahren  zur  Gewinnung  von  Benzol,  Toluol,  Xylol,  uew.  aus 

Petroleum,  PetroleumrOckstftnden,  Steinkohlentheer,  Steiokohlentheerdl 
usw.  German  jMitent  51,553,  Klasse  22,  Aug.  11,  1888;  Ber.  Deut.  chem. 
Gesell.,  Jahrg.  23,  Bd.  5,  1890,  p.  438.  Sawdust,  or  any  form  of  cellulose, 
caustic  alkalies,  and  petroleum  were  mixed,  and  led  with  a  current  of  steam 
superheated  to  400®  through  a  glowing  iron  tube  filled  with  coke  or  other 
contact  substance.  Gondensed  vapor  furnished  benzene,  toluene,  and  other 
arolnatic  hydrocarbons.  Yield  of  aromatic  compounds  may  be  increased  by 
leading  back  uncondensible  gases  into  the  vessel  containing  the  petroleum 
and  cellulose. 

189.  Hlawatt,  F.,  and  Fbiedmann,  E.    Improvements  in  the  process  of  preparing 

benzol  and  its  homologues,  naphthalene,  and  anthracene  from  petroleum, 
petroleum  scales,  tar,  tar  oils,  paraffin,  vaseline,  ozokerite,  and  the  Uke,  and 
from  natural  illuminating  gas.  English  patent  2242,  Feb.  11,  1890.  The 
vapors  are  led  through  red-hot  pipes  filled  with  coke  or  pumice. 

190.  IloLCOREBBR,  J.    Procoss  for  obtaining  benzene  from  petroleum  or  its  distil- 

lates. English  patent  17272,  July  28,  1913;  French  patent  460,827,  July 
28,  1913;  Jour.  Soc.  Chem.  Ind.,  vol.  33,  Jan.  15,  Aug.  31,  1914,  pp.  17,  825. 
Petroleum  vapors  mixed  with  hydrogen  are  passed  through  metal  or  other 
tubes  containing  catalytic  substances  at  temperatures  of  180^  to  300^  ('• 
Metals  are  used  as  catalyzers. 

191.  Meffert,  F.    Verfahren  zur  Herstellung  von  aromatischen  Kohlenwaaseratoffe 

und  von  Ammoniak.  German  patent  99,254,  Klaase  12,  1897;  Chem.  Gen- 
tnd-Blatt,  Jahrg.  70,  Bd.  1,  Jan.  11,  1899,  p.  159.  Oil  and  superheated 
steam  are  led  together  into  a  retort  filled  with  some  refractory  material  at 
1,200^  to  1,400^.    The  condensed  products  contain  benzene. 
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102.  Meikle,  J.  Improvements  in  obtaining  benzene,  toluene,  and  other  products 
from  mineral  oik  and  liquid  tare.  English  patent  23,649,  Oct.  24,  1896; 
Jour.  Soc.  Chem.  Ind.,  vol.  16,  Nov.  30,  1897,  p.  905.  The  oil  is  injected 
by  aid  of  superheated  steam  into  a  retort  filled  with  coke  or  other  carbo- 
naceous material  at  red  heat.  Benzene  is  separated  from  resulting  gaseous 
mixture  by  condensation. 

193.  NiKiFOBOFF,  A.  Apparat  zum  Zerlegen  der  fltUngen  Eohlenwasserstoffe 
zwecks  Benzol  Gewinnung.  German  patent  85,884,  Elasse  12,  Mar.  12, 
1895.  A  pressure  of  2  atmospheres  is  used  in  the  retort.  To  obtain  certain 
advantages  from  receiver  being  at  atmospheric  pressure,  a  small  opening, 
kept  from  stopping  by  a  rod  with  a  fine  point,  connects  retort  and  receiver. 

194. Improvements  in  the  manufacture  of  benzene,  anthracene,  naphtha- 
lene, and  other  products  from  naphtha  and  naphtha  residues.  Russian 
patent  290,  Dec.  31,  1894;  English  patent  10957,  Aug.  27,  1886;  Jour.  Soc. 
Chem.  Ind.,  vol.  6,  Aug.  31, 1887,  p.  540;  Engler  und  Hdfer,  Das  Erdol,  Bd.  1, 
1913,  pp.  58^-589;  German  patent  143,549,  Klasse  12r.,  Oct.  10, 1901.  The  oil 
is  first  decomposed  in  cylindrical  retorts  at  515^  to  550^  C.  at  ordinary  pressure 
to  obtain  hydrocarbons  boiling  below  200^  0.  and  having  a  specific  gravity 
of  0.800  to  0.810.  These  are  distilled  again,  and  then  decomposed  at  700''  0. 
to  1,200^  C.  and  2  atmospheres'  pressure,  when  they  are  transformed  into 
hydrocarbons  of  the  aromatic  series.  In  general,  12  per  cent  of  weight 
of  oil  18  obtained  as  benzene,  }  per  cent  as  anthracene,  2  per  cent  as 
naphthalene.  The  German  patent  describes  apparatus  for  purifying  distilla- 
tion products  from  decomposition  of  petroleum  or  coal  tar. 

195. Improved  method  and  apparatus  for  producing  benzenes  and  their  homo- 

logues.  U.  S.  patent  755,309, 1904;  French  patent  315,428,  Oct.  29, 1901;  Jour. 
Soc.  Chem.  Ind.,  vol.  21,  Apr.  30, 1902,  p.  541.  Liquid  hydrocarbons  boiling 
below  200^  0.  are  subjected  to  double  decomposition  under  pressure  at  two 
different  temperatures  (about  525^  and  900^  C).  The  primary  decompo- 
sition products  are  washed  before  passing  them  through  condenser.  In  order 
to  increase  working  area  of  secondary  retorts  they  are  surmounted  by  a  third . 
Internal  pressure  is  increased  by  means  of  a  perforated  plug  in  dischaige 
pipe  of  retorts,  and  rakes  are  provided  for  cleaning.  Aromatic  compounds 
are  extracted  by  solvents.    See  English  patent  17,450  of  1907. 

196. Verfahren  und  Vorrichtung  zur  Gewinnung  von  aromatischen  Kohlen- 

wasserstoffenaus  Naphta;  German  patent  224,070,  Klasse  12  o,  Mar.  24,  1908; 
Chem.  Abs.,  vol.  4,  pt.  3,  Nov.  20,  1910,  p.  3297.  In  producing  aromatic 
hydrocarbons  from  naphtha  the  hydrocarbons  obtained  by  coking  the  naphtha 
are  washed,  then  atonuzed  in  an  atmosphere  of  an  inactive  gas  at  800^  C. 
to  1,000^  C,  the  necessary  high  temperature  being  maintained  by  introducing 
additional  water  gas.    Benzol  may  be  obtained  up  to  20  per  cent. 

197.  Williams,  Grevillb.    Process  for  the  separation  of  benzene  and  its  homologues 

from  the  liquid  obtained  by  compression  of  petroleum  gas.  English  patent 
4,663,  Mar.  10, 1884.  The  liquid  is  treated  with  dilute  nitric  arid  or  alkaline 
nitrate,  and  distilled. 

ACTION   OF  HEAT  ON  HTDROGABBONS — CONSTITUTION  OF  PETROLEUM. 

198.  Armstrong,  H  .  E  . ,  and  BiIiller,  A .  K.  On  the  decompoeitbn  and  genesis  of  hydro- 

carbons at  high  temperatures .  1 .  The  products  of  the  manufacture  of  gas  from 
petroleum.  Jour.  Chem.  Soc.,  vol.  49,  1886,  pp.  74-93;  Chem.  News,  vol. 
51,  June  26, 1885,  pp.  307-308.  Treats  of  methods  of  separation  and  chemical 
behavior  of  various  hydrocarbons  formed.  Benzene,  toluene,  and  other  aro- 
matic hydrocarbons  were  obtained  by  compression  of  oil  ga^. 
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199.  Arxstbomg,  H.  E.,  and  Millbr,  A.  K.    On  the  effect  of  high  tempentureB  on 

petroleum  hydrocarbons.  Ghem.  Neira,  voL  49,  June  20,  1884,  pp.  285-286. 
Briefly  deecribes  decompoeition  of  paraffin;  an  extension  of  work  of  Thorpe 
and  Young  (Proc.  Roy.  Soc.  London,  vol.  20, 1871-1872,  pp.  48&-491;  vol.  21, 
1872-1873,  pp.  184-201), 

200.  Berthelot,  M.    Action  de  la  chaleur  sur  qnelqaes  cazbures  d'hydrog6ne. 

Th^rie  dee  corps  prog^nes.  Ann.  chim.  phys.,  aer.  4,  t.  9,  1866,  pp.  445- 
483.    Investigation  of  action  of  heat  on  acetylene,  and  formation  of  benzene. 

201.  Des  carbures  p3rrog6n6e.    Ann.  chiin.  phys.,  ser.  4,  t.  12, 1867,  pp.  &-06; 

t.  16,  1869,  pp.  143-187.  A  detailed  accoimt  of  action  of  heat  on  hydroca^ 
bens,  formation  of  polymers,  synthesb  of  benzene  hydrocarbons. 

202.  Bone,  W.  A.,  and  Coward,  H.  F.    Thermal  decompoeition  of  hydrocarbons. 

Pt.  1.  Methane,  ethane,  ethylene,  and  acetylene.  Jour.  Chem.  Soc.,  voL 
93,  1908,  pp.  1197-1225.  Temperature  in  experiments  ranged  from  500^  to 
1,200^.  Special  attention  was  paid  to  the  time  factor.  At  low  temperatures 
acetylene  shows  a  tendency  to  polymerize,  forming  benzene  hydrocarbons. 
Polymerization  reaches  a  maximum  between  600^  and  700®  0. 

203.  Day,  D.  T.    On  changes  effected  by  heat  in  constitution  of  ethylene.    Am. 

Chem.  Jour.,  vol.  8,  June,  1886,  pp.  153-169.  Ethylene  begins  to  change  at 
350®  G.  At  400®  G.  it  is  decomposed  with  formation  of  marsh  gas,  ethane, 
and  liquid  products. 

204.  Englbr,  G.    Die  Zersetzung  hochmolekularer  Eohlenwasserstoffe  durch  masaige 

Hitze.  Ber.  Deut.  chem.  Gesell.,  Jahrg.  30,  Bd.  3,  1897,  pp.  2908-2920. 
An  investigation  of  the  chemical  substances  formed  by  the  decomposition  of 
petroleum  through  heat,  with  special  reference  to  products  of  the  cracking 
process. 

205.  Enqler,  G.,  and  Halmai,  B.    tiber  Naphthenbildung;   Die   Produkte   der 

Druckerhitzung  einee  ZylinderSb.  Ber.  Deut.  chem.  Gesell.,  Jahrg.  43,  Bd. 
1,  1910,  pp.  397^05.  Oil  was  heated  to  430^  or  470®  G.  under  a  pressure  as 
high  as  128  atmospheres.    Ghemistry  of  products  obtained  is  discussed. 

206.  Enqler,  G.,  and  Jezioranski,  L.    Ein  Beitrag  zur  Kenntniss  der  elementaren 

Zusammensetzung  der  Erddle.  Ber.  Deut.  chem.  Gesell.,  Jahig.  28,  Bd.  3, 
1895,  pp.  2501-2505.  By  distillation  at  200®  to  250®  a  fraction  is  obtained 
that  becomes  richer  in  imsatuiated  hydrocarbons  on  redistillation. 

207.  Enolbr,  G.,  and  Routala,  O.    Uber  Naphthenbildung  im  Erddl.    Ber.  Deut 

chem.  Geeell.,  Jahrg.  42,  Bd.  4, 1909,  pp.  4610-4631.  Ghem.  Abs. ,  vol.  4,  Mar.  20, 
1910,  pp.  766-767.  Discusses  formation  of  naphthenes  from  olefins  by  heat- 
ing under  pressure.  Heavy  viscous  lubricating  oil,  formed  by  the  action  of 
aluminium  chloride  on  amylene,  was  heated  under  pressuro.  Low-boiling 
oib  were  obtained. 

208.  GusTAVsON,  G.    Zerfall  der  Eohlenwasserstoffe  des  amerikanischen  und  kau- 

kasischen  Petroleums  bei  niedrigen  Temperaturen.  Ghem.  Gentral-Blatt, 
Jahrg.  53  (12),  June  28, 1881,  p.  353.  Action  of  aluminium  bromide  and 
hydrobromic  add  on  these  petroleums,  formation  of  Al  BrsGiH^. 

209.  Haber,  F.    Theorie  der  pyrogenen  Reactionen  aliphatischer  Kohlenwasser- 

stoffe.  Ber.  Deut.  chem.  Gesell.,  Jahig.  29,  Bd.  3,  1896,  pp.  2691-2700. 
Describes  investigations  on  xx>lymerization  of  hydrocarbons  at  600®  to  1,000®, 
with  special  attention  to  the  thermodynamics  of  the  decomposition  of  ali- 
phatic hydrocarbons  by  heat. 

210.  Haber,  F.,  Samotlowicz,  H.,  and  Oeghelhaeuser,  H.    Ueber  die  Zersetzimg 

von  Hexan  und  Trimethylathylen  in  der  Hitze.  Jour.  Gasbel.,  Jahrg.  39, 
June  13,  20,  July  4,  11,  Dec.  5,  12,  19,  1896,  pp.  377-382,  395-399,  435-138, 
452-455,  799-805,  813-818,  830-833;  Jour.  Ghem.  Soc.,  vol.  72,  pt.  1,  1897,  pp. 
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305--308.  '  At  tempemtureB  up  to  900°  benzene  is  fonned  by  polymerization 
of  acetylene.  Over  900°,  the  benzene  fonned  begins  to  decompose.  At  606° 
hexane  decomposes  considerably,  olefins,  paiaffins,  hydrogen,  and  benzene 
being  formed. 

211.  KbXmer,  G.,  and  BdrrcHva,  W.    Ueber  die  Beziehungen  des  Eid^^ls  zu  den 

EohlenwasBerstoffen  der  Braun-und  Steinkohlentheer51e.  Ber  Deut.  chem. 
GeselL,  Jahrg.  20,  Bd.  1,  1887,  pp.  595-609.  Aromatic  hydrocarbons 
can  be  formed  from  aliphatic  hydrocarbons  by  superheating,  or  by  heating 
under  pressure.  Naphthenes  were  not  fonned  from  paraffin  hydiocarbons. 
A  fraction  of  petroleum  150°  to  160°  0.  was  passed  after  extracting  all  unsat- 
urated compounds,  through  a  red  hot  tube.  A  distillate  containing  7.5  per 
cent  of  unsaturated  compounds  was  obtained. 

212.  Lbwes,  v.  B.    The  action  of  heat  upon  ethylene.    Ploc.  Roy.  Soc.  London,  vol. 

55, 1894,  pp.  90-107,  vol.  57,  1894/1895,  pp.  394-404.  Chem.  News,  vol.  69, 
Feb.  23,  Mar.  2,  9,  16,  1894,  pp.  87-89,  103-105,  111-112,  125-127;  vol.  71, 
June  7,  14,  21,  1895,  pp.  273,  286-287,  298-299.  Ethylene  is  converted  by 
heat  into  acetylene  and  methane.  Acetylene  is  at  once  polymerized  into 
secondary  products,  or  decomposed  into  carbon  and  hydrogen.  Initial  rate 
of  decomposition  is  extremely  rapid,  but  increase  in  rate  of  flow  diminishes 
amount  of  decomposition  when  heated  area  is  small,  the  effect  being  less  with 
increased  length  of  flow. 

213.  Mabert,  C.  F.  Constituents  of  Pennsylvania,  Ohio,  and  Canadian  petroleums 

between  150°  and  200°  C.  Am.  Chem.  Jour.,  vol.  19,  June,  1897,  pp.  419-482. 
Hydrocarbons  found  in  petroleum. 

214.  Mabert,  C.  F.,  and  Quatlb,  W.  O.    Sulphiur  compounds  and  unsaturated 

hydrocarbons  in  Canadian  petroleum.  Am.  Chem.  Jour.,  vol.  35,  May,  1906, 
pp.  404-432.    A  continuation  of  author's  work  on  composition  of  petroleum. 

215.  McKee,  6.  W.    On  the  decomposition  of  benzene  at  high  temperatures.    Jour. 

Soc.  Chem.  Ind.,  vol.  23,  Apr.  30,  1904,  pp.  40^-404.  Presents  diagram  of 
apparatus  employed  and  details  of  its  management.  Benzene  begins  to 
decompose  at  about  700°  C,  so  that  in  adding  enriching  material  to  water  gas 
it  is  not  advisable  to  allow  temperature  to  rise  much  over  700°  C. 

216.  Markownixoff,  W.,  and  Spadt,  J.    Zur  Eonstitution  der  Kohlenwaaserstoffe 

^D^ata}  d^  kaukasischen  Petroleums.  Ber.  Deut.  chem.  GeselL,  Jahrg.  20, 
Bd.  2,  1887,  pp.  1850-1853.  Sulphur  at  210°  to  220°  C.  used  to  remove 
hydrogen.    Octanaphthene  decomposed  to  form  xylene. 

217.  Meter,  Richard,  and  Tanzbn,  August.    Pyrogene  Acetylen-Eondensationen 

Ber.  Deut.  chem.  Gesell.,  Jahig.  45,  Bd.  2,  1912,  pp.  1609-1633;  Jahrg.  46, 
Bd.  3, 1913,  pp.  3183-3199;  Chem.  Abs.,  vol.  6,  pt.  2,  Sept.  10, 1912,  p.  2618; 
vol.  8,  pt.  1,  Jan.  10, 1914,  p.  342.  Acetylene  and  an  equal  volume  of  hydro- 
gen were  passed  through  an  apparatus  consisting  of  two  tubes,  one  at  640°  to 
650°,  the  other  at  about  800°.  Sixty  per  cent  of  a  light-brown  aromatic  tar 
was  obtained .  Most  suitable  temperature  for  the  formation  of  benzene  hydro- 
carbons is  about  650°  C. 

218.  Meter,  R.,  and  Fricke,  H.    Pyrogene  Acetylen-Kondensationen.    Ber.  Deut. 

chem.  GeselL,  Jahrg.  47,  Bd.  3,  1914,  pp.  2765-2774;  Ztschr.  angew.  Chem., 
Jahrg.  28,  Jan.  29, 1915,  Referate,  p.  58.  A  systematic  investigation  of  acety- 
lene-tar, in  which  23  compounds  present  in  ordinary  coal  tar  have  been 
detected. 

219.  Norton,  L.  M.,  and  Andrews,  C.  W.    Action  of  heat  on  liquid  paraffins.    Am. 

Chem.  Jour.,  vol.  8,  March,  1886,  pp.  1-9.  Discusses  action  of  heat  on  hexane, 
isohexane,  normal  pentane,  and  the  decomposition  products  and  temperature 
of  decomposition. 
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220.  Norton,  L.  M.,  and  Notbs,  A.  A.    On  the  action  of  heat  upon  ethylene.    Am. 

Chem.  Jour.,  vol.  8,  March,  1886,  pp.  362-3M.  Products  formed  by  paasing 
ethylene  through  a  red-hot  tube  were  examined.    Formation  of  ciotonylene. 

221.  Phillips,  W.  B.    Fuel  oil  in  the  Southwest,  with  a  bibliography  of  fuel  oil 

generally.  Trans.  Am.  Inst.  Min.  Eng.,  vol.  48, 1914,  pp.  565-612.  Bibliog- 
raphy contains  references  to  the  composition  of  petroleum. 

222.  Prunier,  M.  L.    Les  carbures  incompletes  qui  prennent  naiaaance  dans  le 

traitment  pyrog<6n6  des  p^troles  d' Am^rique.  Ann.  chim.  phys.,  ser.  5, 1. 17, 
1879,  pp.  1-62.  A  study  of  the  unsaturated  hydrocarbons  formed  in  decom- 
posing petroleum  vapor  by  heat.  Synthesis  of  unsaturated  hydrocarbons. 
Tempoatures  of  350^  to  450"*  G.  were  used. 

223.  Richardson,  Clifford.    The  petfoleums  of  North  America.    A  comparison  of 

the  character  of  those  of  the  older  and  newer  fields.  Jour.  Franklin  Inst.,  vol. 
162,  July,  August,  1906,  pp.  57-70,  81-128.  Treats  of  the  physical  properties 
of  the  petroleums  and  discusses  the  hydrocarbons  in  them.  Many  references 
to  literature. 

224.  RouTALA,  O.    Ueber  die  Bildung  der  Naphthene  in  Erddl.    Petroleum,  Jahig.  5, 

Dec.  15,  1909-1910,  pp.  321-322.  Naphthenes  similar  to  those  found  in 
petroleum  were  obtained  from  amyleiie  by  heating  under  pressure. 

225.  WillbtXtbr,  Richard,  and  Hatt,  Daniel.    Abbau  des  Cyclo-hexans  zum 

Benzol.  Ber.  Deut.  chem.  GeselL,  Jahig.  45,  Bd.  2,  1912,  pp.  1464-1471. 
Describes  the  authors'  methods  for  carrying  out  synthesiB  of  benzene  from 
cyclohexane. 

226.  WiscHiN,  Rudolf.    Die  cyklischeii  Polymethylene  des  Erddls.    Chem.  Ztg., 

Jahig.  23,  Bd.  2,  Oct.  28,  1899,  pp.  916-926;  Jahig.  28,  Bd.  2,  Aug.  31,  1904, 
pp.  814-818;  Jahig.  29,  Bd.  2,  Oct.  25,  1905,  pp.  1126,1127.  Summarizes 
fuUy  the  existing  knowledge  of  these  compounds,  and  has  a  good  bibliography. 

227.  WoRSTALL,  R.  A.,  AND  BuRWBLL,  A.  W.    Decomposition  of  heptane  and  octane 

at  high  temperatures.  Am.  Chem.  Jour.,  vol.  19,  December,  1897,  pp. 
815-845.  Hydrocarbons,  under  similar  conditions  of  temperature,  yield 
same  products.  In  these  experiments  crude  heptane  and  octane  were 
decomposed  at  900^.  Products  tabulated.  Benzol  12.5  per  cent  and  toluol 
3.0  per  cent  by  weight  were  obtained. 

ACTION   OF   CATALYZERS. 

228.  AscHAN,  OssiAN.    ZurGeneseder  Naphthene  und  der  Naphthensauren.    Lie- 

big's  Annalen,  Bd.  324,  1902,  pp.  1-39;  Chem.  Central-BIatt,  Jahig.  73,  Bd. 
2,  Oct.  1,  1902,  pp.  895-897.  At  low  temperature  in  the  presence  of  alumin- 
ium chloride,  olefins  are  polymerized  to  naphthenes. 

229.  Knoler,    C.    Die  Bildung  der  Hauptbestandteile  des   £rd5b.    Petroleum, 

Jahig.  7,  Jan.  17, 191M912,  pp.  399-403;  Chem.  Abs.,  vol.  6,  May  10, 1912,  pp. 
1221 ,  1222.  Discusses  the  influence  of  catalyzers,  as  clay,  siliceous  earth,  sand, 
fullers  earth,  and  metallic  oxides,  in  formation  of  petroleum  from  fat  at 
high  temperatures  and  pressures.  Proposes  a  scheme  for  characterization 
and  division  of  products  of  various  phases  of  bitumination. 

230.  Enoler,  C,  and  Sbverin,  E.    Katalyse  und  ErdOlbildung.    Ztschr.  angew. 

Chem.,  Jahrg.  25,  Bd.  1,  Jan.  26,  1912,  pp.  153-158.  Largely  bibliographi- 
cal, and  fiimlBhes  a  good  survey  of  literature  deaUng  with  action  of  catalyzers 
on  petroleum. 

231.  Heusler,  F.     tJber  die   Einwirkung  von  Aluminiunchlorid  auf  Teer-und 

Erddldestillate  und  Uber  die  Theorie  der  Erddlbildung.  Ztschr.  angew. 
Chem.,  Jahrg.  9,  May  15,  1896,  pp.  288-292;  Chem.  Oentral-Blatt,  Jahrg. 
67,  1896,  p.  144.  By  influence  of  aluminium  chloride,  unsaturated  hydro- 
carbons are  changed  to  saturated  compounds,  and  sulphur  is  removed. 
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232.  Ipaiisw,  W.    Polymerisation    der    Athylen-KohlenwasBerstoffe    bei    hohen 
Temperaturen  und  Dnicken.    Ber.  Deut.  chem.  Gesell.,  Jahrg.  44,  Bd.  3. 

1911,  pp.  2973-2987;  Chem.  Abs.  vol.  6,  pt.  1,  Mar.  10,  1912,  p.  736;  Chem. 
Zentaralb.,  Jahig.  82,  pt.  4,  Dec.  13,  1911,  pp.  1777-1779.  Under  a  presEnire 
of  70  atmoej^eres,  polymerization  of  ethylene  begins  at  325®,  and  is  very 
fast  at  380®  to  400®.  Ftoducts  obtained  and  mechanism  of  reactions  are  dis- 
cussed.   Polymerization  was  also  carried  out  in  presence  of  alumina. 

233. Bdle  of  tiie  oxides  In  catalytic  phenomena.    Chem.  Abs.,  vol.  2,  pt.  2, 

July  20,  1908,  pp.  1958-1959;  from  a  paper  before  the  Russian  Physical 
Chemical  Society,  on  use  of  nickel  oxides  as  catalyzers.  Ipatiew  has  pub- 
lished many  papers  on  catalytic  reactions  at  high  temperatures  and  pressures, 
most  of  them  in  Ber.  Deut.  chem.  Gesell.,  1900-1915. 

234.  Ipatibw,  W.,  and  Dowgblswitbch,  N.    Zersetzung  dee  Hexans  und  Hexa- 

methylens;  Isomerisation  des  Hexamethylens.  Ber.  Deut.  chem.  Gesell., 
Jahrg.  44,  Bd.  3,  1911,  pp.  2987-2992;  Chem.  Abs.  vol.  6,  pt.  1,  Mar.  10, 

1912,  p.  736;  Chem.  Zentralb.,  Jahrg.  82,  pt.  4,  Dec.  13,  1911,  pp.  1779-1780. 
Discusses  products  obtained  by  passing  hexane  and  hexamethylene  under 

ordinary  pressure  through  an  iron  tube  at  650®  to  700®  with,  or  without 
catalyzers,  those  used  being  alumina,  zinc  dust,  and  reduced  copper. 

235.  Ipatibw,  W.,  and  Routala,  0.    Polymerisation  des  Athylens  bei  hoher  Tem- 

peratur  und  Druck  in  Gegenwart  von  Katalysatorem.  Ber.  Deut.  chem. 
Gesell.,  Jahrg.  46,  Bd.  2,  1913,  pp.  1748-1755.  Chem.  Abs.,  vol.  7,  pt.  3, 
Nov.  20, 1913,  p.  3972.  Chem.  Zentralb.,  Jahrg.  84,  Bd.  3,  July  16,  1913, 
p.  234.  Ethylene  under  70  atmospheres  pressure  in  presence  of  ZnCla  be- 
gins to  polymerize  at  275®.  With  aluminium  chloride  polymerization 
takes  place  at  lower  temperatures.  Amount  of  naphthenes  in  the  products 
increased  with  temperature,  but  was  far  smaller  when  using  aluminium 
chloride. 

236.  EusNBTzow,  M.    Die  Zersetzung  der  gasfdrmigen  Kohlenwasserstofife  beim 

Glilhen  mit  feinverteiltem  Aluminium.  Ber.  Deut.  chem.  Gesell.,  Jahrg. 
40,  Bd.  3, 1907,  pp.  2871-2873.  Methane,  ethane,  ethylene,  acetylene  were 
decomposed  into  their  elements. 

237.  Lbtnt,  a.    Ueber  die  SSersetzung  des  Petroleums  und  des  Braonkohlentheers 

durch  Ueberhitzen.  Ber.  Deut.  chem.  Gesell.,  Jahig.  11,  Bd.  1, 1878,  pp. 
1210-1212;  Chem.  News,  vol.  38,  Oct.  25,  1878,  p.  211.  Petroleum  vapor 
was  conducted  through  glowing  iron  tubes,  7  feet  long  and  1  foot  in  diameter, 
filled  with  wood  charcoal  or  coke.  Tar  obtained  yielded  about  10  per  cent 
of  benzene,  toluene,  and  other  aromatic  hydrocarbons.  Yield  of  tar  was 
increased  by  using  platinized  carbon. 

238.  Liebermann,  C.,  and  Bubo,  0.    Ueber  die  Zersetzung  des  Braunkohlentheer- 

5ls  in  der  GlOhhitze.  Ber.  Deut.  chem.  Gesell.,  Jahig.  11,  Bd.  1, 1878,  pp. 
723-726.  Coal-tar  oils  and  petroleum  were  passed  over  heated  coke  in  a  brass 
tube.  Benzene,  toluene,  and  anthracene  were  produced.  (See  Lieber- 
mann, C,  Dingl.  poly.  Jour.,  Bd.  246, 1882,  pp.  429-432.)  General  review  of 
literature  on  new  methods  of  obtaining  benzol,  naphthalene,  anthracene. 

239.  Mailhe,  a.    Molekulare  Spaltungen  mittels  fein  zerteilter  Metalle.    Chem. 

Ztg.,  Jahrg.  32,  Mbr.  4, 7, 1908,  pp.  229-230,  244-245;  Chem.  Abs.  vol.  2,  pt.  2, 
June  20, 1906,  p.  1688.  The  author  used  finely  divided  nickel,  copper,  iron, 
or  cobalt  at  high  temperatures  to  perform  molecular  cleavages.  Above  250® 
benzene  becomes  methane;  cyclohexane  vapors  break  up  into  benzene  and 
methane.  Origin  of  petroleum  and  action  of  finely  divided  metals  on  acety- 
lene are  discussed. 

240.  NiviEBE,  Jean.    La  catalyse  en  chtmie  oiganique.    Rev.  gen.  Chimie,  t.  16, 

1913,  pp.  189-196,  220-224.    Describes  action  of  various  catalytic  agents  for 
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hydrogenaticxn,  dehydrogenati<m,  and  oxidatioii.  References  fiuniah  a  key 
tolitentoie  of  catalyais. 

241.  OsTRoinasLBNSKT,  I.,  AND  BuRSHANAiMB,  J.    [tlber  die  pyragene  ZeaeAzvwg 

der  Naphtha  in  Gegenwait  vqq  Ratalywtoren.  1.  'Debar  den  Bildnngamech- 
aniwimw  dee  Benzols  bei  der  pyrogenen  Zereetzong  der  Naphtha.]  Jour.  Riub. 
Fhys.  Ghem.  Geeell.,  Bd.  42,  1910,  pp.  195-207;  Chem.  Zentralb.,  Jahig. 
81,  Bd.  1,  May  11, 1910, pp.  1711-1712;  Jour.  Soc.  Chem.  Ind.,  vol.  29,  June  15, 
1910,  p.  682.  Axomatic  hydrocarbons  are  formed  at  high  temperatores  from 
petrcdeam  by  i>olym^zation  of  acetylene,  and  use  of  catalyzers  increases 
ontpnt.  After  passing  petndeum  vapw  through  a  combustion  tube  at  700^  C. , 
containing  a  spiral  of  iron  wire  gauze,  products  contained  10.9  per  cent  of 
benzene  compared  with  7.5  per  cent  when  no  iron  gauze  was  used.  Using 
nickel  instead  of  iron  no  benzene  was  obtained.  Part  2.  IXescriptton  of 
hydrocarbons  into  carbon  and  hydrogen  by  the  contact  process;  use  of  nickel 
and  nickel  oxides. 

242.  RosENFBLD,  J.    ZerfallspTodukte  des  Petroleums.    Oesterr.  Ghem.  tech.  Ztg., 

Bd.  27,  1909,  p.  1;  Engler-HOfer,  Das  Erd51,  Bd.  1, 1913,  p.  591.  Describes 
the  hydrocarbons  found  in  tar  obtained  by  passing  petroleum  through  a  red- 
hot  tube.  Benzene  was  found  in  first  fraction  under  200°.  Coke  or  copper 
used  as  a  catalyzer  increased  output. 

243.  Sabatier,   Paul.    Hydrog6nations  et  d^shydrog^nations  par  catalyse.    Ber. 

Deut.  chem.  Gesell.,  Jahig.  44,  Bd.  2, 1911,  pp.  1984r-2001.  Methods  devised 
by  Sabatier  and  his  students.  (General  action  of  metals  used  as  catalyzers, 
and  their  special  action  on  many  hydrocarbons. 

244.  Sabatibr,  Paul,  and  Sendbrbns,  J.  B.    Action  de  divers  m^taux  divis^s, 

platine,  cobalt,  fer  sur  Tac^tyl^ne  et  sur  T^thyltee;  Oompt.  rend.,  t.  131, 
July  25,  1900,  pp.  267-270;  Jour.  Chem.  Soc.,  vol.  78,  pt.  1,  1900,  p.  534. 
Above  200°,  with  iron  as  catalyzer;  chief  products  in  addition  to  hydrogen 
and  carbon  were  olefins  and  benzene.    Use  of  cobalt  resulted  in  less  benzene. 

245.  Action  du  nickel  r6duit  sur  I'ac^tyl^e.    Oompt.  rend.,  t.  131,  July  16, 

1900,  pp.  187-190;  Jour.  Ghem.  Soc.,  vol.  78,  pt.  1,  1900,  p.  471.  A  rapid 
current  of  acetylene  passed  over  reduced  nickel  at  a  temperature  above  180^ 
gave  10.3  per  cent  of  benzene  and  its  homologues,  51.4  per  cent  of  hydrogen, 
36.3  per  cent  of  ethane,  2  per  cent  of  ethylene,  and  traces  of  acetylene.  The 
liquid  product  was  a  mixture  of  aromatic  and  unsaturated  hydrocarbons 
boiling  between  50""  and  180''  0. 

246. H3rdrog^nation  de  Tac^tyl^ne  en  presence  du  nickel.    Oompt.  rend.,  t. 

128,  May  8,  1899,  pp.  1173-1176;  Jour.  Chem.  Soc.,  vol.  76,  1899,  p.  555. 

Mixtures  of  acetylene  and  hydrogen  were  passed  over  finely  divided  nickel. 

Main  reaction  was  formation  of  ethane;  but  as  proportion  of  acetylene  in 

original  mixture  was  increased,  amount  of  benzene  hydrocarbons  in  product 

also  increased.    Iron,  cobalt,  and  copper  acted  similarly. 
247. Hydrog^nation  de  V  ac^tyl^ne  et  de  T  ethylene  en  presence  du  platine 

divis^.    Oompt.  rend.,  1. 131,  July  2,  1900,  pp.  40-42;  Jour.  Ohem.  Soc.,  vol. 

78,  pt.  1,  1900,  p.  471.    At  180^  in  presence  of  platinum  black,  condensation 

of  products  yields  liquid  hydrocarbons. 
248.  Nouvellee  m^thodes  g^n^rales  d'hydrog6nation.    Ann.   chim.   phys., 

ser.  8,  t.  4, 1905,  pp.  319-480.    Catalyzers,  as  finely  divided  nickel,  were  used. 

At  16^  in  a  tube  30  cm.  long  benzene  vapor  is  hydrogsnized  by  nickel  to 

cyclohexane.    Time  of  reaction  a  factor  (p.  360).    At  270^  to  280^  cyclo- 

hexane  in  contact  with  finely  divided  nickel  decomposes  into  benzene  (p. 

363).    Reactions  with  homologues  of  benzene,  using  other  catalysts,  follow 

(p.  364). 
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249.  Salzuann,  M.,  and  Wichelhaus,  H.    Ueber  die  Hetstelltmg  von  Benzol  aufl 

Braunkohlentheerdl.  Ber.  Deut.  chem.  Gesell.,  Jahig.  11,  Bd.  2,  1878,  pp. 
1431-1434.  Oil  was  passed  over  pumice  stone,  wood  and  animal  carbon,  or 
platinized  asbestos  in  a  tube  heated  to  redness.    Results  are  tabulated. 

250.  SifiTH, Clabsncb,  AND  Lewcock, William.   Pyrogenic  decompositions — benzene. 

Jour.  Chem.  Soc.,  vol.  101,  pt.  2, 1912,  pp.  1453-1459.  Describes  the  influ- 
ence of  temperature  and  continued  heat  on  formation  of  diphenyl  from  ben- 
zene. Benzene  was  passed  through  an  iron  tube  at  600^  to  800°  C,  and  re- 
sults with  Ba02,  AlaOj,  ZnO,  and  Fb,04  as  catalyzer  are  tabulated.  Yield 
of  diphenyl  was  10  to  59  per  cent. 

251.  Ubbelohde,  Leo,  Woronin,  S.,  and  St.  Philippide,  — .    Ueber  die  Einwirkung 

von  E^atalysatoren  auf  Erddl.    Petroleum,  Jahrg.  7,  Oct.  4, 1911,  Jan  3,  Aug.  21, 

1912,  pp.  9-13, 334-339, 1233-1238;  Chem.  Abs.,  vol.  7,  pt.  1,  Jan.  10, 1913,  pp. 
246-247.  Porous  earthenware  on  which  nickel  had  been  reduced  in  metallic 
form  was  impregnated  with  petroleum  oil,  and  heated  in  a  current  of  purified 
nitrogen  or  hydrogen  at  regulated  temperatures  from  180°  to  500°.  Various 
proportions  of  hydrogen,  methane,  and  ethane  were  produced.    The  effect 

of  fuller's  earth,  unbumed  kaolin,  ignited  alumina,  and  nickel  upon  petro- 
leum at  temperatures  of  200°  to  400°  was  studied,  and  a  table  of  results  and 
curves  given,  pp.  1234-1238. 

252.  VoHL,  H.    Ueber  die  Versetzung  der  Schweren  Mineraldle  aus  Braunkohlen, 

Torf,  bituminSsen  Schiefem,  Petroleum,  und  zur  Erzeugung  leichterer  (was- 
serstoSreicherer)  BeleuchtungsSle.  Dingl.  poly.  Jour.,  Bd.  177,  1865,  pp. 
58-76.  Heavy  oil  was  distilled  with  concentrated  sulphuric  acid,  with  sodi- 
um hydroxide,  and  over  glowing  lime.  The  vapors  were  cracked  in  iron 
tubes  filled  with  iron  filings  or  limestone. 

253.  Zbunsky,  N.  D.    Hher  Dehydrogenisation  durch  Eatalyse.    Ber.  Deut.  chem. 

Gesell.,  Jahrg.  44,  Bd.  3,  1911,  pp.  3121-3125;  Chem.  Zentralb.,  Jahig.  82, 
Bd.  4,  Dec.  13, 1911,  p.  1794.  Hexamethylene  hydrocarbons  are  easily  dehy- 
drogenated  by  passing  them  over  palladium  black  at  300° .  Dehydrogenation 
begins  at  170°  and  goes  on  energetically  at  200°.  Benzol  and  toluol  are  ob- 
tained. Copper,  silver,  and  magnesium  are  inactive  as  catalyzers. 
254. "ttber  die  selektive  Dehydrogenisations-Eatalyse.  Ber.  Deut.  chem.  Ge- 
sell., Jahig.  45,  Bd.  3, 1912,  pp.  3678-3682;  Chem.  Abe.,  vol.  7,  pt.  2,  July  10, 

1913,  p.  2224.  Hexamethylene  hydrocarbons  are  readily  dehydrogenated  in 
the  presence  of  platinum  or  palladium  at  300°,  but  pentamethylene  deriva- 
tives remain  imchanged  below  300°. 

CRAOKINOi   ACTION    OF    HEAT    OR    OF    HEAT  AND  PBESSUHE,   ON 

PETROLEUM. 

255.  Armstrong,  H.  E.    On  the  manufacture  of  gas  from  oil;  Preliminary  note 

on  certain  by-products  of  the  manufacture  of  gas  from  oil  by  the  Pintsch 
process  in  relation  to  the  question  of  the  conditions  under  which  benzenoid 
hydrocarbons  are  formed.  Jour.  Soc.  Chem.  Ind.,  vol.  3,  Sept.  29,  1884, 
pp.  462-468.  Remarks  on  chemical  products  formed  by  cracking  oil.  Naph- 
thenes  and  olefins  from  ethylene  to  monylene,  and  crotonylene  were  among 
products. 

256.  Bjsrrboaard,  A.  P.    Studies  on  the  pressure  distillation  of  petroleum  hydro- 

carbons. Jour.  Ind.  Eng.  Chem.,  vol.  7,  July,  1915,  pp.  573-577;  Pet.  Rev., 
vol.  33,  Aug.  14, 1915,  p.  126.  An  investigation  for  developing  on  a  com- 
mercial scale  a  process  for  making  light-gravity  hydrocarbons  from  the  heavier 
fractions  of  petroleum.  Oil  is  forced  through  a  coil  under  pressure  of  2,000 
pounds  per  square  inch. 
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257.  BoLEo,  F.    Apparat  und  Verfahren  zur  Destination  von  EohlenwaaBentoffen. 

Oelen  und  Fetten  unter  Hochdruck.  Chem.  Rev.  Fett-Harz-Ind.,  Jalizg. 
5, 1898,  pp.  9-12,  24-27.  Ten  to  twelve  per  cent  mora  of  petroleom  pioducts 
was  obtained  by  use  of  3  to  6  atmospheres  pressure  when  distilling. 

258.  BoYB,  Vernon.    Production  of  motor  spirit  from  heavy  oil.    Met.  and  Chem. 

Eng.,  vol.  12,  March,  1914,  p.  180.  The  heavy  oil  was  subjected  to  the 
action  of  steam  at  315**. 

259.  Brookb,  B.  T.,  Bacon,  R.  F.,  and  Otrbbs.    The  preparation  of  gasoline  and 

kerosene  from  heavier  hydrocarbons.  Jour.  Ind.  Eng.  Chem.,  vol.  7,  March, 
1915,  pp.  180-185.    General  review  of  the  subject,  with  references. 

260.  CHARFTSCHKorF,  K.  W.    Destruktive  Destillation  der  russischen  ErdOie.    Chem. 

Rev.  Fett-Harz-Ind.,  Jahig.  17,  1910,  p.  33.  Results  obtained  by  distillii^ 
at  400^  (cracking)  Baku  and  Grosny  oils  from  which  the  lig^t  oils  up  to  270" 
had  been  removed.  At  a  temperature  a  little  over  400^  decompositioii  goes 
on  without  great  evolution  of  gas.    Table  of  results  given. 

261.  Die  Zersetzungsprodukte  der  Naphtha  von  Baku  und  Giosny.    Chem. 

Ztg.,  Jahig.  19,  Nov.  20, 1895,  p.  2083;  Chem.  Repertorium,  Jahig.  20,  Feb. 
8, 1896,  p.  21;  Jahig.  26,  Jan.  4, 1902,  p.  7.  Decomi)osition  of  aU  petroleums 
begins  at  250^  to  275^.  Cracking  can  be  continued  till  the  tairy  state  ia 
reached. 

262.  Claudy,  C.  H.    The  Burton  process  of  ''cracking"  to  make  gasoline.    Sci.  Am., 

vol.  112,  Jan.  2, 1915,  pp.  5,  32.    A  popular  article  on  this  method. 

263.  DvoRKoviTz,  Paul.    Distillation,   cracking,  and  gasification  of  petroleum 

hydrocarbons.  Petroleum  Rev.,  vol.  17, 1907,  pp.  176-179.  Action  of  heat 
on  petroleum  hydrocarbons  above  and  below  their  boiling  points.  Practical 
applications. 

264.  Dter,  E.  J.    The  cracking  of  oils.    Min.  and  Sci,  Press,  vol.  110,  1915,  p.  717; 

Chem.  Abs.,  vol.  9,  July  10,  1915,  p.  1841.  Discusses  briefly  cracking  of  oils 
in  ''concentrates.''  It  is  better  in  general  to  adhere  to  ordinary  distillation 
methods,  because  of  objectionable  odor  and  color  of  cracked  distillates  from 
presence  of  olefins. 

265.  Enoler,  C,  and  Halmai,  B.     ViheT  Naphthenbildung;   Die  Produkte  der 

Dnickerhitzung  eines  Zylinder5ls.  Ber.  Deut.  chem.  Cieeell.,  Jahig.  43, 
Bd.  1,  1910,  pp.  397-405.  Oil  heated  to  430°  to  470°  under  a  pressure  of 
128  atmospheres.  Discusses  chemistry  of  products  obtained.  Heavy  min- 
eral oils  can  be  changed  into  more  liquid  products  without  formation  of  mudi 
gas  or  coke. 

266.  Enoler,  C,  and  von  HOfbr,  H.    Das  Erd<(l,  Bd.  1,  1913.    The  chapter  enti- 

tled '*  Der  Krak-prozess"  (pp.  562-578),  gives  a  survey  of  European  literature. 
Many  references  and  abstracts  of  papers  not  easily  obtained  in  America  are 
given. 

267.  Freud,  B.  B.  The  "cracking"  of  hydrocarbons.    Chem.  Eng.,  vol.  21,  1915, 

pp.  160-162.    Describes  most  recent  processes  of  cracking. 

268.  Hall,  W.  A.  The  "cracking'*  of  oils,  with  a  view  to  obtaining  motor  spirit  and 

other  products.  Petroleum  World,  vol.  12,  1916,  pp.  137-145;  Petroleimi 
Rev.,  vol.  32,  Sept.  11, 1915,  pp.  207-208;  Engineering,  vol.  99,  1915,  pp. 
250-251;  Mining  Jour.,  vol.  108,  Mar.  27, 1915,  pp.  217-218;  vol.  109,  Apr.  3, 
1915,  pp.  227-228;  Jour.  Gas  Lighting,  vol.  129, 1915,  p.  455.  OU  ia  fed  at 
rate  of  over  70  gallons  per  hour  through  inch  tubes  more  than  300  feet  in 
length,  under  50  to  75  pounds  pressure.  Speed  of  vapor  through  tubes  more 
than  5,000  feet  per  minute;  temperature,  550^C.  The  vapors  expand  into 
vertical  12-inch  tubes  12  feet  high,  speed  being  reduced  to  a  nominal  rate. 

269.  TIates,  S.  D.  On  the  destructive  distillation  of  light  petroleum  naphthas  at  low 

temperatures.    Am.  Jour.  Sci.,  Ser.  3,  vol.  2,  1871,  pp.  184-188.     A  heavy 
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hydrocarbon  oil  waa  obtained  from  naphtha  at  a  temperature  of  212^  F. 
(100^  0.)  and  a  preaBure  of  about  50  pounds  to  the  inch.  Large  iron  boilera 
were  used  for  distilling. 

270.  HnuscH,  Josbph.  On  the  diatiUation  of  hydrocarbona.    Chem.  Newe^  vol.  18, 

July  31,  1868,  pp.  61*52.  Discuasea  "cracking."  In  diatillation  of  large 
quantities  of  oil  (40,000  gallons  in  a  atill)  cracking  takes  place  at  various 
increasing  tempeiatuiea  below  the  boiling  point  of  the  oil. 

271.  Kbambb,  G.  Der  craking  Proseas  bei  der  Verarbeitung  rumfinischen  Erd5lB. 

Petroleum,  Jahrg.  3,  June  3, 1007-1908,  pp.  894-895.  Evolution  of  gas  at 
about  270°  in  cracking  heavy  Roumanian  oil  ia  due  to  presence  of  fatty  acids 
which  split  off  carbon  dioxide  and  furmsh  high  molecular  paraffins,  which 
in  their  turn  split  up,  forming  methane  and  olefins.  Author  recommends 
that  ordinary  distillation  be  followed  up  to  lighting  oils,  and  that  higher 
boiling  constituents  be  distilled  imder  diminished  pressure. 

272.  Kbambr,  6.,  and  SnixsR,  A.    Ueber  die  Zersetzung  viscteer E5rper(Schmier^ 

5le)  durch  Destillation  unter  Druck.  Ber.  Deut.  chem.  Gesell.,  Jahig.  33, 
Bd.  2, 1900,  pp.  2265-2270.  Treats  of  chemical  products  formed  by  distilla- 
tion under  pressure.  Bakunin  when  distilled  at  450°  under  20  atmospheres 
pressure  gave  320  grams  of  liquid  products  for  600  grams  of  raw  material.  90 
per  cent  of  liquid  products  distilled  over  by  280°.  Distillate  contained  laige 
quantities  of  olefins,  also  naphthenes  and  paraffins. 

273.  Letnt,  a.    Ueber  die  Einwirkung  hoher  Temperatur  auf  Petroleum,  Braun- 

kohlentheer  imd  andere  Shnliche  stoffe.  Dingl.  poly.  Joiur.  Bd.  229,  1878, 
pp.  35&-866.  light  oils  were  obtained  by  conducting  heavy  petroleum 
through  a  tube  heated  to  not  over  300°.  Tar  obtained  contained  many  aro- 
matic hydrocarbons. 

274.  Lewbb,  v.  B.    The  chemistry  of  the  ''cracking"  of  heavy  oils.    Petroleum 

World,  vol.  12, 1915,  pp.  141-146;  Jour.  Gas  Lighting,  vol.  129, 1915,  p.  455, 
599.  Summarizes  history  of  cracking  process;  discusses  chemical  products 
formed  by  cracking;  describes  the  Burton  and  the  Hall  process. 

275. Motor  fuels.    Am.  Gas  Lig^t.  Jour.,  vol.  103,  Sept.  13,  20, 1915,  pp.  165- 

167, 170-171, 178-181.  Discusses  fuel  situationin  England  and  on  Continent; 
gasoline  composition;  tests  for  quality ;  gasoline  substitutes.  Last  paper  refers 
to  ''cracked"  spirits,  and  presents  a  good  general  discussion  of  history  of 
petroleum  cracking. 

276.  LissENKo,  E.    Zersetzung  des  Erd5les  beim  Erhitzen.    Dingl.  poly.  Jour.,  Bd. 

266, 1887,  p.  226.  Decomposition  goes  best  at  about  400°  with  slowest  possible 
heating.  Higih-boiUng  constituents  are  decomposed  into  those  of  low  boiling 
point.  The  best  yield  of  kerosene  is  obtained  from  petroleum  residues  at 
434°  to  501°. 

277.  McAfee,  A.  M.    The  improvement  of  high-boiling  petroleum  oils,  and  the  manu- 

&cture  of  gasoline  as  a  by-product  therefrom,  by  the  action  of  aluminum 
chloride.  Jour.  Ind.  Eng.  Chem.,  vol.  7,  September,  1915,  pp.  737-741; 
Met.  and  Chem.  Eng.,  vol.  13,  Sept.  15, 1915,  pp.  592-597.  By  proper  contzol 
of  vapors  leaving  distilling  system  and  entering  condenser,  and  with  tune 
enough  for  action  of  aluminum  chloride,  high-boiling  oils  can  be  broken 
down  completely  into  lower  boiling  oils.  The  low-boiling  oils  are  sweet 
smelling,  water  white,  and  composed  of  saturated  compounds.  Complete 
report  on  McAfee's  process  and  results  of  many  tests  of  various  crude  oUs. 

278. Manufacture  of  gasoline  from  low-grade  oils.    Nat.  Petroleum  News, 

vol.  7,  April,  1915,  pp.  20-24.  From  1  to  5  per  cent  of  aluminum  chloride 
is  placed  in  the  still  with  the  oil.  No  pressure  used.  Large  yields  of  gasoline 
are  obtained  from  crude  oils. 
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279.  MthxBR,  E.    Ueber  pyrogene  Zeneiiung  von  GaaOl,  Phenol,  und  Kreosot .    Jour. 

prakt.  Chemie,  Bd.  166,  Aug.  31, 1898,  pp.  1-^.  Contains  little  on  decom- 
podtion  of  petapoleiim. 

280.  Pbckbam,  S.  F.    On  the  distillation  of  dense  hydrocarbons  at  hig^  tempera- 

tures, technically  termed  "cracking."    Am.  Jour.  ScL,  8er.  2,  vol.  47,  Janu- 
ary, 1869,  pp.  9-16.    A  criticism  of  Hinch's  article  in  Cbfinicai  News. 
281. Ptoductaon,  technology,  and  uses  of  petrdeom  and  its  imxiucta — Crack- 
ing.   Bureau  of  the  Census.    Tenth  Census,  vol.  4, 1884,  pp.  178-180.    Re- 
views early  progress  of  cracking  distillation  methods. 

282.  Pbrkin,  F.  M.    Oil  cracking.    Ghem.  Trade  Jour.,  vol.  54,  1914,  pp.  63-64. 

A  review. 

283.  RrmfAN,  W.  F.    The  theoretical  {Moblems  involved  in  the  cracking  of  oils. 

Jour.  Soc  Ghem.  Ind.,  vol.  33,  June  30,  1914,  pp.  626-628;  Chem.  Abe., 
vol.  8,  Oct.  10, 1914,  p.  3360.    Discusses  theory  of  equilibria  iuvolved. 

284.  Robinson,  F.  C.    The  manufacture  of  petroleum  products.    Met.  and  Chem. 

Eng.,  vol.  11,  July,  1913,  pp.  889-394.  Diagram  of  cracking  distillatioQ  of 
crude  oil  on  p.  391.  With  slow  distillation  cracking  temperature  goes  up 
to  675''  or  700''  F.  (357''  or  371''  C).  Details  are  given  of  methods  of  manu- 
facture of  various  products,  with  iUustradons. 

285.  ScHUCHOW,  W.,  AND  Gawbtlow,  8.    VondLchtnngen  zur  ununterbroch^ien 

fractionirten  DeBtillation  von  Roh51  und  fthnlichen  Flusaigkeiten,  wie  auch 
zur  Eraeugung  von  Oas  aus  £rd5l  und  seinen  Derivaton.  Ztachr.  angew. 
Ghem.,  Jahig.  6,  Apr.  15,  1893,  pp.  230-231.  Petzoleum  is  driven  under 
high  pressure  through  a  worm  inclosed  in  a  furnace.  The  products  are 
distilled.  Whether  process  is  simple  distillation  or  decomposition  depends 
on  size  of  tubes  of  the  worm  and  the  speed  at  which  the  liquid  passes  throu^. 

286.  SsMXNow,  — .    Ueber  Zersetzungspetroleum.    Ghem.  Repertorium,  suppl.  to 

Chem.  Ztg.,  Jahrg.  17,  Oct.  7,  1893,  p.  265.  Description  of  Ragosin's  distil- 
lation apparatus.  From  20  to  25  i>er  cent  of  petroleum  oil,  specific  gravity 
0.816,  is  obtained  from  petroleum  residues  with  this  apparatus.  Gomparuon 
ol  cracking  and  ordinary  methods  of  distillation. 

287.  SiLUMAN,  B.    On  naphtha  and  illuminating  oil  from  heavy  California  tar. 

Ghem.  News,  vol.  7,  1868,  pp.  171-172.  Discusses  experiments  in  crackmg 
Galifomia  oil. 

288. Report  on  the  rock  oU  or  petroleum  from  Venango  County,  Pa.    New 

Haven,  1855.  Author  believed  that  several  of  the  products  of  distillation 
were  produced  by  heat  and  chemical  change  during  diBtUlation.  Report 
was  made  several  years  before  "cracking"  was  recognized. 

289.  SiNOBR,  Lbopold.    Ueber  einige  Versuche  die  Crakdestillation  betre£fend. 

Ghem.  Rev.  FettrHarz-Ind.,  Jahrg.  10,  ms,  pp.  271-274;  Jahxg.  11,  1904, 
pp.  3-5.  A  technical  investigation  of  cracking  distillation  of  Roumanian 
petroleum.  Cracking  goes  on  at  temperatures  of  200"  to  300"  and  moderate 
temperatures  should  be  used  to  obtain  best  results. 

290.  Skxllino,  W.  O.    Gasoline  from  "synthetic"  crude  oil.    Bull.  Am.  Inst.  Min. 

Eng.,  No.  100,  April,  1915,  pp.  695-704.  Crude  oil  is  made  from  natural 
hydrocarbons  by  heating  in  a  still  about  one-fourth  full.  The  oil  is  heated 
to  a  pressure  of  800  pounds,  then  cooled.  Oasoline  can  be  removed  from 
product  by  distillation. 

291.  Thorpx,  T.  E.,  and  Young,  John.    On  the  combined  action  of  heat  and  pres- 

sure upon  paraffins.  Proc.  Roy.  Soc.,  London,  vol.  20, 1871-1872,  pp.  488- 
491;  vol.  21,  1872-1873,  pp.  184-201.  Decomposition  of  pasaffins  to  defins 
by  heat  and  pressure.  Decomposition  did  not  succeed  Mthout  distillation. 
292. Preliminary  notice  on  the  production  of  olefins  from  paraffin  by  distilla- 
tion under  pressure.    Proc.  Roy.  Soc.  London,  vol.  19,  1870-1871,  pp.  370- 
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371;  Chem.  News,  vol.  23,  Mar.  17,  1871,  p.  124.  Short  note.  Paraffin  ex- 
posed to  a  high  temperature  bi  a  cloeed  vessel  is  almost  completely  resolved, 
with  evolution  of  little  gas,  into  hydrocarbons  that  remain  liquid  at  ordinary 
temperatures. 

293.  Thobfe,  T.  E.,  and  Yovnq,  John.    Ueber  die  vereinigte  Wirkung  von  Wfirme 

und  Druck  auf  die  Paraffine.  Ber.  Deut.  chem.  Gesell.,  JTahxg.  5,  Bd.  2,  1872, 
pp.  556-559;  Liebig's  Annalen,  Bd.  165,  1873,  pp.  1-28. 

294.  VoHL,  H.    Die  fractionirte  Destination  bei  constantem  Niveau  behufs  der  Tren- 

nung  der  in  den  £rd-\md  Theerdlen  entbaltenen  Kohlenwaaserstoffe  zur 
Erzielung  einer  grCeseren  Brenndl-Ausbete.  Dingl.  poly.  Jour.  Bd.  177, 1865, 
pp.  133-139. 

295. Die  trockene  Destillation  bituminoser  Fossilien  behufe  Darstellung 

fester  und  flflssiger  RohlenwasserstoSe,  welche  als  Beleuchtungs  Materialien 
Bowohl,  wie  zu  Maschinen  Schmiere  und  Darstellung  von  Farben  benutz 
werden.  Dingl.  poly.  Jour.,  Bd.  173, 1864,  pp.  45^-472.  Describes  generally 
the  distillation  of  bituminous  substances.  High  temi)erature  caused  a 
rearrangement  of  atoms,  resulting  in  much  simpler  compounds. 

296.  YouNo,  James.    Verfohren  zur  theilweisen  Umwandlung  der  aus  bituminfiser 

Kohle  gewonnenen  SchwerOle  in  Leichtdle.  Dingl.  poly.  Jour.,  Bd.  183, 
1867,  pp.  151-152.  Heavy  oils  were  changed  in  part  to  light  oils  by  distilla- 
tion under  2  atmospheres  pressure. 

297.  Zalozibcki,  R.    BeitrSge  zur  Kenntniss  des  chemischen  Verhaltens  der  Erddle. 

Ztschr.  angew.  Chem.,  Jahrg.  10,  Sept.  15,  Oct.  1, 1897,  pp.  587-592,  619-623. 
Two  parts:  1.  Action  of  sulphuric  acid  on  petroleum.  2.  Action  of  heat  and 
pressure  on  petroleum.  Petroleums  heated  in  a  closed  tube  to  not  over  250° 
undergo  intermolecular  changes,  isomerization,  etc.,  of  the  hydrocarbons 
not  belonging  to  the  paraffin  group. 

'298.  Annontmous.  The  Burton  process  of  cracking  oils.  Pet.  World,  vol.  12,  1914, 
pp.  138,  139.  Good  description  and  diagram  of  apparatus.  Pressure  of 
4  and  5  atmospheres  and  temperature  of  750°  to  800°  maintained. 

299.  The  "cracking"  of  oils  uid  its  conmiercial  use.    Nature,  vol.  95, 1915, 

pp.  231-233.  Distinction  between  decomposition  and  dissociation.  Tem- 
I>erature  of  dissociation  is  above  boiling  {>oint  of  the  oil,  and  if  no  pressure  is 
employed  oil  vaporizes  and  alteration  is  small.  With  residual  oils  pressure 
should  be  regulated  to  prevent  formation  of  gas. 

300. Gasoline  distillation  from  heavy  constituents  of  crude  oil.    Oil  Paint 

Drug  Reporter,  vol.  84,  Oct.  20,  1913,  p.  32G.  Good  description  of  Burton 
process. 

PATENTS  ON  THE   CRACKING  DISTILLATION  OP  OIL. 

301.  Adams,  J.  H.    Oil-converting  process.    U.  S.  patent  976,975,  Nov.  29,  1910, 

Jour.  Soc.  Chem.  Ind.,  vol.  30,  Feb.  28, 1911,  p.  202.  Kerosene  and  similar 
oils  are  cracked  by  bringing  them  in  contact  with  an  incandescent  electric 
heater.    The  oil  is  heated  as  far  as  possible  by  direct  contact. 

302.  Alexejew,  G.    Destinations  Verfahren  ftkr  Mineraldle  vermlttelst  leichter,  bei 

mittlerer  Temperatur  flUchtiger  Kohlenwasserstoffe.  German  patent  39,949, 
Klflsse  23,  Sept.  23,  1886;  Ber.  Deut.  chem.  Gesell.,  Jahrg.  20,  Bd.  4,  1887, 
p.  609.  Light  hydrocarbons  remaining  in  vapor  form  in  the  cylinder  are 
pumped  back  through  the  distillation  flask. 

303.  Bacon,  R.  F.,  Brooks,  B.  T.,  and  Clabe,  C.  W.    Making  gasoline  from  petn> 

leum  oils  boiling  at  a  temperature  above  250®  0.  U.  S.  patent  1,131,309, 
Mar.  9,  1915.  The  oil  is  cracked  at  350®  to  500®  C.  under  pressures  of 
4  to  20  atmospheres.    Heating  surface  for  cracking  is  about  one  square  inch 
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for  each  4.7  cubic  inches  of  oil  under  treatment.  Oil  is  heated  in  an  npright 
iron  pipe,  from  which  tar  and  coke  &11  by  gravity  into  a  receiving  vessel  at 
the  bottom. 

304.  Bacon,  K.  F.,  and  Clark,  0.  W.    Treatment  of  petroleum  hydrocarixms.     U.  S. 

patent  1,101,482,  June  23, 1914.  Method  of  producing  hydrocarbons  having 
boiling  points  of  30*^  to  150^  C.  from  petroleum.  Pressure,  100  to  300  pounds 
per  square  inch.    Minimum  yield  18  per  cen  t  of  gasoline  hydrocarbons. 

305.  Barbbt,  £.  a.    Continuous  apparatus  for  cracking  heavy  petroleum.    French 

patents  380,282,  Oct.  3,  1906;  390,558,  July  31,  1907;  Jour.  Soc.  Chem.  Ind., 
vol.  27,  Jan.  15,  Nov.  30, 1908,  pp.  16, 1105.  Describes  tubes  for  cracking  oil 
by  intense  heat. 

306.  Benton,  G.  L.    Process  of  refining  crude  petroleum.    U.  8.  patents  342,564, 

342,565,  May  25,  1886.  Oil  heated  to  a  temperature  of  700''  to  1,000''  F. 
371  **  to  537^  C.)  under  a  pressure  of  500  pounds  per  square  inch;  then  caused 
to  expand  into  a  chamber  at  same  temperature. 

307.  Bxtbton,  W.  M.    Manufacture  of  gasoline.    U.  S.  patent  1,049,667,  Jan.   7, 

1913.  Canadian  patent  155,567,  1914.  Method  of  cracking  petroleum  dis- 
tillates of  boiling  point  500''  F.  (260''  C.)  at  temperatures  of  650"  to  850"  F. 
(343"  to  454"  C.)  and  pressures  of  4  to  5  atmospheres. 

308. Making  gasoline  from  petroleum  hydrocarbons  boiling  above  260"  0. 

U.  S.  patent  1,105,961,  Aug.  4,  1914.  Volatile  constituents  of  liquid  are 
distilled  at  650"  to  860"  F.  (340"  to  450"  C.)  and  vapors  are  condensed  und^ 
a  pressure  of  4  to  5  atmospheres.  Volatile  constituents  of  residue  are  dis- 
tilled under  atmospheric  pressure,  and  distillate  thus  obtained  is  distilled 
under  pressure.  • 

309.  Clark,  E.  M.    Method  of  distilling  petroleum.    U.  8.  patent  1,119,496,  Dec.  1, 

1914.  Method  of  circulating  the  liquid  rapidly  in  a  small  stream  under 
pressure  of  3  to  7  atmospheres  and  at  a  temperature  of  650"  to  850"  F.  (343"  to 
454"  C);  resulting  vapors  taken  off  and  condensed. 

310. .  Treating  petroleum  distillates  boiling  at  500"  F.  (260"  C.)  or  higher  to 

produce  hydrocarbons  of  lower  boiling  point.  U.  S.  patent  1,132,163,  Mar. 
16,  1915.  The  oil  is  cracked  and  distilled  in  a  number  of  stills  so  operated 
that  pressure  in  each  still  is  maintained  by  incondensable  gases  produced  by 
previous  cracking  and  distillation  in  another  still. 

311.  CowpBR-CoLBS,  S.  0.    Improved  process  for  the  production  of  petroleum  com- 

pounds with  low  flashing  points.  English  patent  27,945,  1908.  ParaflSn  is 
heated  in  a  still;  vapor  led  through  a  series  of  small  metal  tubes  at  high  tem- 
perature (1,700"  F.)  (926"  C.)  and  condensed. 

312.  Dangkwardt,  P.    Process  for  the  production  of  gasolene  and  naphtha  from  crude 

oils,  petroleum  products,  tar  oil,  or  similar  products.  IT.  S.  patent  1,141,529, 
June  1,  1915.  Heated  liquid  is  sprayed  into  a  retort,  then  withdrawn  and 
passed  through  a  heater,  and  back  to  retort.  A  spray  of  molten  lead,  alloy,  or 
fused  sodium  nitrate  or  sodium  hydroxide  is  passed  into  retort. 

313.  Dewar,  Jambs,  and  Redwood,  Boverton.    Process  for  distilling  mineral  oils 

and  like  products.  U.  S.  patents  419,931,  Jan.  21;  426,173,  Apr.  22,  1890; 
English  patent  10,277,  June  24, 1889.  Method  of  distilling  petroleum  under 
pressure.  Space  not  occupied  by  liquid  is  filled  with  a  gas  that  can  not  act 
chemically  on  matter  treated. 

314 . Verfahren  imd  Appavat  zum  destilliren  vom  Mineral51en  und  &hnlichen 

Stoffen.  German  patent  53,552,  Klasse  23, 1889.  Chem.  Ztg.,  Jahrg.  14,  Nov. 
19, 1890,  p.  1575.  An  apparatus  for  distilling  oil  imder  pressure.  Air  or  car- 
bon dioxide  is  forced  into  the  apparatus. 

315.  DuBBs,  J.  A.  Dehydrogenating  and  distilling  petroleum  or  other  oils.  U.  S. 
patent  1,100,717,  June  23, 1914.  Air  is  passed  through  oil  at  a  temperature  at 
which  oxygen  of  air  will  combine  with  hydrogen  of  hydrocarbons. 
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316.  DuBBs,  J.  A.    Treatment  of  petroleum.    U.  S.  patent  1/135|506,  Apr.  13, 1915. 

Petroleum  is  mixed  with  water  under  pressure,  the  mixture  vaporized  and 
discharged  into  a  heated  chamber  in  the  form  of  a  fine  spray.  Temperature 
300  to  600*»  F.  (148**  to  315**  C).    Pressure  50  to  600  pounds. 

317.  Fenchelle,  H.  E.,  and  Perkin,  F.  M.     Conversion  of  heavy  hydrocarbons 

into  lighter  hydrocarbons.  English  patent  6,547,  Mar.  14, 1914.  Chem.  Abs., 
vol.  9,  1915,  p.  2451.  The  heavy  hydrocarbons  are  cracked  by  forcing  them 
under  pressure  through  one  or  more  long,  narrow,  heated  conduits,  resulting 
liquid  being  cooled  under  pressure,  and  allowed  to  escape  at  lower  pressure 
into  a  chamber  surmounted  by  a  rectifying  column.  Temperature,  500  to 
600**;  pressure,  50  to  60  atmospheres. 

318.  Gray,  J.  L.    Process  of  distilling  and  cracking  hydrocarbon  oil  to  increase  the 

yield  of  gasoline.  Canadian  patent  153,966,  Feb.  9,  1914.  The  oil  is  passed 
through  a  bath  of  molten  metal  at  a  temperature  sufficient  to  cause  cracking; 
resulting  vapors  are  condensed. 

319.  Greenstreet,  C.  J.    Process  of  treating  heavy  hydrocarbon  oils.    U.  S.  patents 

1110923,  1110924,  Sept.  15,  1914. 

320. Process  of  manufacturing  olefins  and  their  oxidation  products.    U.  S. 

patent  1110925,  Sept.  15,  1914;  English  patent  16,452,  July  13,  1912.  These 
patents  cover  method  of  forcing  crude  oil  mixed  with  steam  through  a  long 
coil  of  pipe  at  cherry-red  heat. 

321.  Hall,  W.  A.    Obtaining  motor  spirits  by  cracking  heavy  hydrocarbon  oils.    Eng- 

lish patent  2,948,  Feb.  4, 1914;  Chem.  Abs.,  vol.  9,  July  20, 1915,  p.  1994.  Oil 
is  passed  through  a  coil  at  600**,  at  such  a  rate  that  only  about  25  per  cent  is 
converted  into  gas,  and  superheating  is  avoided.  The  product,  consisting 
mainly  of  unsaturated  hydrocarbons,  is  passed  through  alcohol,  and  resulting 
mixture  is  condensed. 

322.  Humphreys,  R.  E.    Method  of  distilling  hydrocarbons.    U.  8.  patent  1,119,700, 

Dec.  1,  1914.  Hydrocarbon  oils  boiling  over  500**  F.  (260**  C.)  are  distilled 
under  a  pressure  of  over  4  atmospheres;  heavier  fractions  are  condensed  and 
returned  to  still  for  further  treatment. 

323.  Htndman,  H.  M.    Cracking  petroleum  oils.    French  patent  462,484,  Sept.  11, 

1913.  The  oils  are  passed  through  a  heated  spiral  at  such  a  temperature  that 
heavy  constituents  are  converted  into  lighter  hydrocarbons.  The  tempera- 
ture is  described  as  '*a  cherry-red  heat,"  and  pressure  is  used. 

324.  Kittle,  H.  A.    Improvements  in  or  relating  to  the  vaporization  of  oil  and 

other  volatile  substances.  English  patent  8,336,  Apr.  6, 1909.  Oil  is  vaporized 
at  a  temperature  above  boiUng  point  of  highest  boiling  constituent.  Velocity 
of  flow  through  apparatus  is  not  less  than  velocity  at  which  same  oil  would 
spread  if  brought  into  contact  with  hot  vaporizing  surface.  The  oil  may  be 
heated  in  a  bath  of  molten  metal. 

325.  Kret  patent.    See  Riebecksche  Montanwerke. 

326.  Laing,  John.    Improvements  in  the  apparatus  for  the  destructive  distillation 

of  mineral  oils.  English  patents  4,120,  Mar.  17, 11,079,  July  16,  11,757,  July 
28, 1890;  Jour.  Soc.  Chem.  Ind.,  vol.  10,  June  30,  July  31,  1891,  pp.  534,  631. 
Gases  or  vapors  from  the  oil-still  are  passed  through  a  superheater,  and 
further  split  up.  A  lighter  distillate  is  thus  produced  than  if  the  gases  or 
vapors  had  gone  directly  to  the  condenser. 

327. Improvements  in  api)aiatus  for  the  destructive  distillation  of  mineral 

oils  and  the  like.  English  patent  23,446,  Oct.  24,  1911;  German  patent 
260,858  Klasse  23  b,  1911.  A  still  is  divided  into  compartments  wit^  tubular 
connections  for  leading  vapors  and  oil  from  compartment  to  compartment, 
and  condensers  fitted  in  connections.  A  water  trap  is  interposed  between 
each  condenser  and  its  succeeding  compartment.  Connections  for  leading 
back  uncondensed  gases  to  be  reabsorbed  by  vapors  coming  from  the  still. 
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328.  Leffbs,  L.  G.    Procen  for  transfonning  high  boiling  hydrocarboDfl  into  hydro- 

carbons of  lower  boiling  point.  English  patents  2,328,  Jan.  29;  19,051,  Aug. 
20,  1912;  4,140,  Feb.  18,  1913;  French  patents  439,476,  Jan.  29, 1912;  454,580, 
1913;  Jour.  Soc.  Chem.,  Ind.,  vol.  31,  Aug.  15,  1912,  p.  711;  vol.  32,  Mar.  15, 
Sept.  15,  Sept.  30,  Dec.  15,  1913;  pp.  224,  861,  903, 1098.  Petroleum  is  dis- 
tilled at  hig^  pressure  in  an  atmosphwe  of  an  inort  gas  at-temperature  not 
over  410^  G.  The  hydrocarbons  also  may  be  carried  into  fractionating 
chamber  as  spray  or  mist  by  a  current  of  inert  gas  at  a  temperature  of  about 
400^'  C.    {See  English  patent  4,140,  Feb.  18,  1913.) 

329.  Parkbs,J.H.   Processfor  the  treatment  of  oils.   U.S.  patent  958,820,liay24, 1910. 

Petroleum  in  finely  divided  condition  is  forced  undet  pressure  through  a  series 
of  chambers,  heat  sufficient  to  generate  vapcNr  under  pressure  being  imparted 
to  chambers.  Petroleum  escapes  from  each  chamber  to  succeeding  chamber 
under  a  definite  difference  in  pressure.    Li^t  oils  are  formed. 

330.  Raoosin,  V.  I.    Distilling,  fractioning,  and  cracking  mineral  oils,  and  obtaining 

various  products  therefrom;  a  method  of,  and  apparatus  for  that  purpose. 
English  patent  1,411,  Jan.  18, 1898;  Jour.  Soc.  Ghem.  Ind.,  vol.  17,  May  31, 
1898,  p.  445.    OU  is  mixed  with  benzene,  and  run  into  a  cracking  chambo'. 

331.  Renard,  Gborobs.    Process  and  apparatus  for  the  transformation  of  petroleum 

and  similar  hydrocarbons  into  products  having  a  lower  boiling  point.  English 
patent  3,413,  Feb.  10, 1913;  French  patent  462,286,  Sept.  8, 1913;  Jour.  Soc. 
Ghem.  Ind.,  vol.  33,  Apr.  15,  Apr.  30,  1914,  pp.  345,  412.  The  liquid  oil  is 
heated  in  coiled  pipes  under  a  pressure  of  40  to  50  atmospheres  at  a  tempen- 
tiure  of  400°  to  450°.  ' '  The  hydrocarbon  remains  in  a  liquid  state  throughout, 
but  is  broken  down  into  fractions  of  lower  boiling  point. " 

332.  RiSBECKSCRE  MoNTANWBRKB.    Vorfahren  zur  Abscheidung  von  leichten  Koh* 

len  wasserstoff  en  und  zur  Gewinnung  dickflilssiger  oder  asphaltartiger  Dele  aus 
paraffin  Oelen  etc.  diux:h  Destination  unter  hOherem  Druck.  German  patent 
37,728,  KlasBe23, 1886.  Ghem.  Ztg.,  Jahrg.lO,  Dec.  29, 1886,  p.  1622;  Jour.  Soc. 
Ghem.  Ind.,  vol.  6,  Apr.  29,  1887,  p.  282.  The  oils  are  distilled  in  cast^teel 
retorts  under  a  pressure  of  3  to  6  atmosph^es.  A  laige  i»oportion  of  li^t 
oils  is  formed,  and  residue  can  be  used  for  lubricating  or  asphalt  making. 

333.  Sbiolb,  Adolphe.    Apparatus  for  treating  hydrocmrbons.    U.  S.  patents  567,751, 

567,752,  Sept.  15, 1896.  A  series  of  vaporizing  chamben  and  a  series  of  super- 
heating chambers  containing  inert  material,  so  airaoged  that  the  hydrocar- 
bons are  successively  heated  in  the  vaporizing  chambers,  and  passed  to  the 
superheating  chambers.  Both  series  of  chambers  are  immeiBed  in  a  bath  of 
molten  metal. 

334.  Turner,  G.  W.    Distilling  and  cracking  oils.    U.  S.  patent  1,046,683, 1912;  Eng- 

lish patent  25,832,  Nov.  11, 1912.  O il  with  steam  is  forced  by  pressure  through 
heated  colls,  and  resulting  vap<Kr  submitted  to  a  decomposing  temperature,  the 
products  passing  to  vessels  of  larger  diameter. 

335.  Von  Groeuno,  A.  E.    Improved  process  of  and  apparatus  for  distilling  and 

cracking  heavy  and  light  hydrocarbon  residues.  English  patent  10,213, 1913. 
Hydrocarbon  vapors  and  liquid  hydrocarbons  are  passed  together  through 
cracking  tubes  at  temperatures  from  350^  to  600^  G. ,  and  under  a  pressure  of  1 
to  1}  atmospheres. 

336.  Washburn,  G.  H.    Producing  lighter  hydrocarbons  from  kerosene  or  heavier 

hydrocarbons.  XJ.  S.  patent  1,138,266,  May  4, 1915.  Petroleum  is  mixed  with 
25  to  100  per  cent  of  its  weight  of  water,  and  heated  in  a  retort  to  600^  to  950^  F. 
(315°  to  570°  G.)  under  a  pressure  of  3  to  5  atmospheres. 

337.  YouNo,  James.    Improvements  in  treating  hydrocarbon  oils.    English  patent 

3,345,  Dec.  27,  1865.  The  heavier  hydrocarbon  oils  are  distilled  in  steam 
boilers  under  a  pressure  of  20  pounds  to  the  inch.  Oils  of  lower  specific 
gravity  are  produced. 
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338.  Zesnino,  H.    Clacking  mineral  oil  and  other  hydrocarbonB  for  use  as  fuel  for 

internal  combustion  engines.  English  patent  731,  Jan.  9,  1913;  French 
patent  452,919,  Jan.  6,  1913.  The  raw  materials  are  treated  with  gases  or 
vapors  obtained  by  injecting  water  and  hydrocarbons  into  a  pipe  heated  to 
300^  to  400^  and  leading  vapors  through  dark,  red-hot  pipes  into  a  cooler  to 
condense  oil,  tarry  matter,  and  water.  Natural  gas  or  gases  obtained  by 
destructive  distillation  of  oiganic  substances  may  be  used  for  first  treatment. 

PATENTS   ON  THE  PRODUCTION   OP  LIGHT  OILS   FROM   PETROLEUM  BY 

USE   OF  CATALYZERS. 

339.  Abel,  C.  D.    Treatment  of  hydrocarbons  for  their  purification  and  conversion 

into  other  products.  English  patent  4,769,  Dec.  15, 1877.  Low-grade  petro- 
leum is  treated  with  aluQiinum  chloride,  or  a  mixture  of  aluminum  chloride 
and  metallic  oxides,  at  100''  to  eOO""  C. 

340.  Bergius,  F.    Production  of  light  hydrocarbons  from  heavy  hydrocarbons. 

English  patent  4,574,  Feb.  21,  1914;  French  patent  470,551,  Apr.  6,  1914. 
The  heavy  hydrocarbons  are  subjected  to  action  of  hydrogen,  nitrogen, 
carbon  monoxide,  or  methane  at  a  pressure  of  100  atmospheres,  while  heated 
to  a  temperature  below  420°  C. 

341.  Breitenlohner,  1. 1.    Die  TorfOle  und  ihre  Aufbereitung  nach  einem  patentur- 

ten  Verfahren.  Dingl.  Poly.  Jour.,  Bd.  167,  1863,  pp.  378-390.  Oils  are 
cracked  by  leading  their  vapors  through  a  red-hot  iron  tube,  or  into  a  cham- 
ber filled  with  red-hot  coke,  slag,  or  other  material. 

342.  Continental-Caoutchouc  and  Gutta-Percha  Co.    Conversion  of  higher  boiling 

mineral  oils  into  lower  boiling  products.  English  patent  7,112,  Mar.  20, 1914; 
Jour.  Soc.  Chem.  Ind.,  vol.  34,  Aug.  16,  1915,  p.  826;  Chem.  Abs.  vol.  9, 
Sept.  10,  1915,  p.  2452.  The  oils  are  passed  over  products  obtained  from 
aluminium  halides  and  hydrocarbons,  or  halogenalkyls  as  catalyzers.  The 
catalyzers  may  be  absorbed  in  a  i>orous  substance. 

343.  Day,  D.  T.  The  process  of  refining  and  purifying  hydrocarbon  oils.    U.  S.  pat- 

ent 826,089,  July  17,  1906.  Hydrogen  or  absorbable  hydrocarbon  is  added 
under  pressure,  in  the  presence  of  porous  absorptive  substances  capable  of 
absorbing  hydrogen  or  a  hydrogen-carrying  gas  or  vapor.  Palladium  black 
or  platinum  sponge  may  be  used. 

344.  Ellis,  C.    Crackbg  heavy  oils.    EngUsh  patent  25,631,  Nov.  8, 1912.    Unde, 

Int.  Conv.  Apr.  1,  1912.  The  oils  are  injected  into  a  chamber  filled  with 
firebrick,  alumina,  or  other  refractory  material.  Sufficient  air  is  injected 
through  other  nozzles  to  serve  for  combustion  of  a  small  part  of  this  oil,  the 
remainder  being  vaporized  and  cracked  under  a  pressure  of  30  to  60  pounds 
per  square  inch.  The  refractory  material  is  cdated  with  a  layer  of  catalytic 
material,  such  as  thorium,  vanadium,  or  precipitated  alumina,  attached  by 
means  of  feldspar  or  other  frit. 

345.  Friedel,  C,  and  Crafts,  J.  M.  Improvements  in  the  treatment  of  hydrocar- 

bons for  their  purification  and  conversion  into  other  products.  English  pat- 
ent 4,769,  1877;  Chem.  Ind.,  Jahrg.  1,  1878,  p.  411.  Patent  filed  by  C.  D. 
Abel.  The  hydrocarbons  are  treated  with  aluminium  or  other  metallic  chlo- 
rides at  temperatures  of  100^  to  600*^  C.  Metallic  oxides  also  may  be  added. 
Petroleum  is  converted  into  light  oil;  naphthalene  forms  benzene,  toluene, 
and  other  products. 

346.  Gray,  G.  W.  Converting  higher-boiUng  into  lower-boiling  petroleum  hydro- 

carbons. English  patents  17,838  and  17,839,  Aug.  5, 1913.  Oil  is  heated  in 
presence  of  anhydrous  aluminium  or  ferric  chloride.  At  325^  to  350^  F. 
(162®  to  176®  C.)  with  5  per  cent  of  aluminium  chloride,  70  to  80  per  cent  ot 
napththa  was  obtained.  In  second  patent  a  temperature  of  400®  to  600®F. 
(204°  to  315®  C.^  was  used 
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347.  Hall,  W.  A.    Gonvenion  of  heavy  into  lighter  hydrocarbons.    English  patents 

17,121  (July 26), and  24,491  (Oct. 28),  1913;  437,  Jan.  7,and  7,282, Mar. 23,1914. 
Hydroouhon  vapors  are  heated  to  above  600°  in  presence  of  a  suitable  cata- 
lyaer,  and  under  a  pressure  of  5  atmospheres.  Resulting  vapors  are  paased 
through  an  expansion  chamber.  Nickel,  cobalt,  silver,  platinum,  chromium, 
manganese,  or  their  oxides  may  be  used  as  catalyzers.  Yield  is  50  to  70  per 
cent  of  oil  specific  gravity  0 .765.  Resulting  vapors  may  be  purified  by  paswing 
through  fullers'  earth,  bauxite,  etc. 

348.  HiBscHBERG,  Leon.    Improvements  in  or  relating  to  the  treatment  of  hydro- 

carbons. English  patent  4,573,  Feb.  21,  1914.  Heavier  hydrocarboiu  are 
converted  into  lighter  hydrocarbons  by  contact  in  a  finely  divided  state  "with 
a  catalyzer,  as  chromium  oxide,  at  dull  red  heat.  Pressure,  15  to  55  pounds 
per  square  inch. 

349.  HuMPHBETS,  R.  £.    Obtaining  low  boiling  hydrocarbons  from  liquid  paraffin 

hydrocarbons  of  petroleum  which  boil  at  500°  P.  (260°  C.)  or  higher.  U.  S. 
patents  1,122,002;  1,122,003,  Dec.  22,  1914.  A  portion  of  liquid  is  distilled 
under  4  atmospheres,  or  higher,  pressure  at  a  temperature  of  340°  to  435^  C. 
(650°  to  850°  F.),  in  a  still  containing  steel,  brass,  or  copper  plates  inmieiBed 
in  liquid. 

350.  Lamplouoh,  F.    Process  and  apparatus  for  the  conversion  of  heavy  hydrocarbons 

into  lighter  hydrocarbons.  English  patents  19,702,  Aug.  28,  and  28,101, 
Dec.  5,  1912;  Jour.  Soc.  Chem.  Ind.,  vol.  32,  July  31,  Nov.  15,  1913,  pp.  743, 
1001.  A  mixtm^  of  oil  and  10  per  cent  of  water  is  passed  through  a  series  of 
U-tubes  containing  metallic  nickel  rods  heated  to  dull  redness.  The  resulting 
vapors  are  condensed  and  separated. 

351.  McAfee,  A.  M.    Process  of  improving  oils.    U.  S.  patent  1,127,465,  Feb.  9, 1915. 

Oil  is  distilled  in  the  presence  of  1  to  5  per  cent  of  aluminium  chloride. 
Large  yields  of  gasoUne  are  obtained.  Temperature,  below  600°  F.  (315° 
C);  time,  36  to  48  hours. 

352.  MoELLBB,  J.,  AND  WoLTEBECK,  H.  C.    Productiou  of  light  oila  from  crude, 

heavy,  or  lighting  oils.  English  patent  16,611,  July  19, 1913.  Vapors  of 
crude  oil  are  mixed  with  steam  at  700°  to  800°  C.  under  atmospheric  pres- 
sure, and  passed  through  tubes  filled  with  coke  heated  to  600°  to  700°  C. 

353.  New  Oil  Refining  Pbocess,  Ltd.,  and  Neilson,  R.  G.    Improvements  in  ap- 

paratus for  converting  mineral  oil  into  volatile  spirit.  English  patents  13,726, 
June  13,  1913;  20,074  and  20,075,  Sept.  3,  1912;  28,460,  Dec.  18,  1911.  Oil 
and  water  are  decomposed  together  in  the  presence  of  scrap  iron,  iron  carbide, 
copper,  aluminium,  bauxite,  broken  bricks,  coke,  alumina.  Temperature, 
1,000°  to  1,200°  F.  (537°  to  648°  C). 

354.  Noad,  James,  and  Townsend,  E.    Improvements  in  the  treatment  of  hydro 

carbon  oils  or  the  like  for  the  production  of  volatile  spirit.  U.  S.  patent 
971,468,  Sept.  27, 1910;  English  patents  13,675,  June  27, 1908;  3,607,  Feb.  13, 
1912.  Oil  and  water  are  vaporized  and  decomposed  together  in  the  presence 
of  highly  heated  iron.    Temperature,  900°  F.  (482°  C). 

355.  Planes,  Ltd.,  and  Thompson,  W.  P.    Cracking  petroleum  and  other  hydroctf- 

bons.  English  patents  5,245,  Mar.  1,  and  21,273,  Sept.  20, 1913.  The  vapors 
are  heated  in  a  cracking  still,  with  a  catalyzer,  such  as  finely  divided  nickel, 
hydrogen,  or  purified  water  gas.  The  hydrogen  or  water  gas  may  be  passed 
through  the  petroleum  in  the  presence  of  finely  divided  nickel  immosed  in 
the  liquid.    Temperature,  300°;  pressure,  5  to  100  pounds  per  square  inch. 

356.  Pobges,  S.,  Stbausky,  S.,  and  Stbache,  N.    Process  and  apparatus  for  con- 

verting heavy  hydrocarbons  into  light  hydrocarbons.  Englidi  patent  11,420, 
May  8,  1914;  Jour,  Soc.  Chem.  Ind.,  vol.  34,  Aug.  16,  1915,  p.  826.  A  mix- 
ture of  vaporized  oil  and  steam  is  passed  over  a  catalyzer  (iron  oxide  or  oxide 
of  another  metal)  at  500°  to  600°  C. 
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357.  Sabatibh,  Pattl,  and  Mailhb,  A.  Converting  heavy  hydrocarbons  into  lighter 
hydrocarbons.  U.  S.  patent  1,124,333,  Jan.  12,  1915.  Crude  oils  are  passed 
over  finely  divided  catalytic  metals,  such  as  tungsten,  tantalum,  nickel,  or 
cobalt,  heated  to  redness  by  an  electric  current.  The  light  unsaturated 
hydrocarbons  obtained  may  be  hydrogenated  by  contact  with  nickel,  copper, 
cobalt,  iron,  or  platinum,  heated  to  200^  to  300"*  C. 

358.  Treatment  of  liquid  hydrocarbons  for  the  production  of  lighter  hydro- 
carbons. English  patent  16,791,  July  14, 1914;  Jour.  Soc.  Chem.  Ind.,  vol. 
34,  Aug.  16,  1915,  p.  826.  Liquid  hydrocarbons  are  converted  into  low 
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1994.  A  mixture  of  oil  and  an  emulsion  of  oil  and  water  is  passed  through  a 
vessel  cont^ftining  a  catalyzer,  such  as  iron,  steel,  or  nickel,  heated  to  260°  to 
480°  C. ,  and  the  resulting  oil  and  gas  passed  into  an  expansion  chamber. 

360.  Standard  Oil  Co.     Distilling  petroleum  residues.    English  patents  29,862, 
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residue  from  this  operation  is  distilled  to  dryness  under  atmospheric  pres- 
sure, and  the  distillate  submitted  to  a  cracking. 

361.  Testelin,  a.,  and  Rbnabd,  G.    Manufacture  of  a  new  spirit  by  the  isomerisa- 

tion  of  petroleum.  EngUsh  patent  16,881,  Aug.  11,  1908;  German  patent 
268,176,  Klasse  23b,  1908;  French  patent  393,554,  Aug.  8, 1908.  Jour.  Soc. 
Chem.  Ind.,  vol. 28,  Feb.  15, 1909,  pp.  133, 695.  A  thin  stream  of  petroleum 
is  injected  by  high-pressure,  superheated  steam  into  a  coil  heated  to  400°  or 
450°  C.  From  the  coil  the  vapors  pass  through  a  tube  over  burnt  fire  clay 
at  full  red  heat. 

362. Apparatus  for  making  volatile  hydrocarbons  from  petroleum.    U.  S. 

patent  1,138,260,  May  4,  1915;  German  patent  226,958,  Klasse  23b,  1909. 
Petroleum  is  heated  with  steam  at  high  pressure  and  passed  over  a  refractory 
material  at  red  heat.    Temperature,  400°  to  450°  C. 

363.  Valpy,  0.  H.,  and  Lucas,  O.  D.    Process  of  cracking  oils  by  bringing  a  mixture 

of  oil  and  steam  into  contact  with  a  heated  catalyzer,  such  as  nickel  or  other 
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364.  Whttb,  C.    Process  of  cracking  oils.    English  patent  5.434,  1914.    Mineral  oils 
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